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Welded Pipe Headers and Their 


Reinforcement 


By Eric R. Seabloom 


ELDED piping has been in general use in cross 

country gas and oil transmission systems, oil 

refineries, power plants and various process in 
dustries for many years. In most of this piping, circum 
ferential line joints predominate, the design and welding 
of which have been quite well established by numerous 
investigations and extensive experience, plus the formu 
lation of definite code rules. The qualification of welding 
procedures and operators as required by codes and many 
specifications has added to their reliability by controlled 
workmanship. The problems of stresses associated with 
circumferential butt and fillet line welds are not of any 
great consequence, especially with the plain carbon steels 
Furthermore, no reduction in strength results because the 
tubular cross sections are retained. Hence, the stresses 
due to internal pressure remain unchanged. 

In many welded piping installations, fabricated branch 
connections, headers and manifolds are also employed, 
but these are subject to higher stresses than line joints, 
especially if they are constructed from pipe of the same 
wall thickness as the straight lengths. One of the major 
reasons for this is that there is a deviation from the strong 
circular cross section when a branch outlet is attached 
This is particularly true of nozzles of the same size as the 
header, and also with nozzles approaching the size of the 
header. The connections formed are tee shaped, and the 
flat sides deform more readily under internal pressure 
than circular sections, due to increased pressure areas. 
This deformation or yielding is such that the flat sides of 
the connection tend to form a spherical shape; thus some 
redistribution of stresses occurs, but extremely high 
stresses are also built up at various locations, notably at 
the outer surfaces of the flat sides and at the inner sur 
faces near the crotches. The result is that the pressure to 
cause yielding, as well as the ultimate strength of the 
branch assembly or manifold, is considerably lower than 
with straight lengths of pipe without any openings. 


Effect of Nozzles on Strength of Piping 


_To illustrate this, some data are presented from a series 
of tests we conducted a few years ago to determine the 
reduction in strength caused by the attachment of nozzles 
to piping. The tests were made with 8-in. Schedule 40 
A. S. T. M. Designation A 106 Grade A carbon steel 
seamless tubing on sections 5 feet long, cut from one 
length of pipe to avoid discrepancies in results due to 
variations in physical properties of material. The ellip- 
soidal head end closures and the nozzles were arc welded, 
using shielded mild carbon steel electrodes. The pipe 

* Presented before the Natural Gas Convention of the American Ga 


Association, Dallas, 7 exas, May 7, 1941 
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Supervising Engineer Crane Co., Research Laboratori« Chicago, Ill 





without any nozzle, as shown in F1 ruptured at 4600 
lb. hydrostatic pressure, while the manifold illustrated m 
Fig. 2, having an S-in. unreinforced nozzle at the center, 
failed near the crotch at lower 
than the straight length of pipe \ manifold with a 4-1in 
unreinforced nozzle failed in the crotch at 
sure, as shown in Fig. 3, or practically at the same pres 
straight length During 
tests, deflection readings were taken by means of dial 
indicators at various locations on the specimens Che 
diametrical deformations obtained at the center sections 
of each are plotted in Fig. 4. It will be observed that the 
proportional limit of the full size unreinforced branch 
connection is about 60°, lower than that obtained on the 
straight length of pipe. Therefore, it can be seen that 
nozzle attachments, especially those of full size, should be 
reinforced, particularly when piping is to operate at its 
maximum rated pressure and temperature 

Up to the present time the A. 5. A. Code for Pressure 
Piping has not published any definite rules for the rem 
forcement of welded headers or branch connections, and 
in the absence of regulations, engineers have applied 
various means of reinforcement. Some of these were not 
entirely satisfactory, and others, proved by tests and 
service, pointed the way to formulation of design rules, 
which will be incorporated in the latest edition of the 
A. S. A. Code for Pressure Piping 

Early attempts at nozzle reinforcements used gusset 
plates, attached by welding at the crotches of the mani 
fold connections, in combination with horse-shoe rein 
forcing ribs, which encircled the round bottom portions 
and extended up onto the nozzles. It has been found, 
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Fig. 1—Failure of 8-In. Pipe Without Openings 
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Fig. 2—Failure of 8-In. Header with 8-In. Unreinforced Nozzle 




















Fig. 3—Failure of 8-In. Header with 4-In. Unreinforced Nozzle 


by both tests and experience, that such reinforcements 
are undesirable as stress distribution is not obtained, re 
sulting rather in stress concentrations of high magnitude. 
Some years ago we had occasion to test a 24-in. pipe 
header having one 24-in. and two |S-in. branch connec- 
tions. The pipe wall thickness of the header was '/, in. 
and the actual tensile strength of the material averaged 
74,860 Ib. per sq. in., with a yield point of 45,780 lb. per 
sq. in. Reinforcement was by means of horse-shoe rib 
and gusset plates, as previously described, on the 24-in. 
nozzle and merely by gusset plates on the 1S-in. connec- 
tions. Figure 5 shows the header set up for hydrostatic 
test with deflectometers, dial indicators and strain gages 
mounted at various critical sections to ascertain the de 
flections and stresses caused by internal pressure. This 
header was intended to operate at a maximum working 
pressure of 800 Ib. per sq. in. and to pass a 1200-lb. hydro- 
static test. Several manifolds of this type failed in the 
crotches of the 24-in. nozzle connections at the test pres- 
sure while undergoing final hydrostatic inspections in 
various fabricating plants. It will be seen from Fig. 6 
that excessive deformation occurred at the 1S-in. and 
24-in. nozzles, the proportional limit being reached at 
these points slightly above SO00-lb. pressure. The stresses 
in some localized areas even exceeded the yield point of 
the material at the working pressure, as indicated by the 
strain gage readings recorded in Table 1. In comparing 
the actual bursting pressure of 1200 lb. obtained on some 
of these headers with the theoretical bursting pressure of 
3118 Ib. per sq. in. as calculated by Barlow's formula for 
pipe of the same diameter, wall thickness and tensile 
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Fig. 4—Diametrical Deflections of Pipe and Headers Under Internal 
Pressure 
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Table 1—Stresses in Various Sections of 24-In. Header at 
800 Pounds Internal Pressure 


Deformation Stress in | 


Location per In per Sq 
Gusset plates at 24-in. nozzle 
Right 0.00036 1044 
Left 0. 00044 12760 
Gusset plates at 18-in. nozzk 
Right 0.00015 137 
Left 0.00036 1044 
Circumferential on header 
Opposite 24-in. nozzle 0.00063 1827 
0. 00052 L508 
0. 00045 L30é 
Opposite 18-in. nozzle 0.00075 2175 
0.00120 S480) 
Circumferential on nozzles 
24-in. nozzle 0.00065 L&850 
18-in. nozzle 0.00055 1505 
Parallel to 24-in. nozzle weld 
On header 0.00070 HM 
On nozzle 0.00170 103(\)* 


Parallel to 18-in. nozzle weld 


On header 0.00052 15080 
On nozzk 0.00055 1595 
NoTtE The stresses were calculated assuming a modu 


elasticity of 29,000,000 Ib. per sq. in 
* This stress is beyond yield point of material, consequently 
somewhat in error 





Fig. 5—A 24x 24x 18-In. Header with Gusset Plate and U-Shaped Rib 
Reinforcements Set Up for Hydrostatic Test 


properties, but without any openings, a 60°, reduction in 
strength is observed, which is considerably lower than 
noted on headers of smaller sizes. Consequently, it aj 
pears that such reinforcements are of little value. 

Headers of this type of construction have shown signs 
of distress at the gusset plate welds when subjected t 
pulsating loads in service and also on extremely high 
temperature, as evidenced by investigations that we con 
ducted on a 10-in., 1500-lb. fabricated steel tee of similar 
design, wherein the gusset plate and reinforcing rib welds 
failed after several thousand hours of testing at 1500-lb 
pressure, with temperatures ranging from 900 to 1100° I 
The tee is shown in Fig. 7, and the failure of a gusset 
plate weld is illustrated in Fig. 8. 

As greater knowledge of stresses that occur in weld 
manifolds accumulated, pipe line constructors and manu 
facturers of welding fittings cooperated in designing 1m 
proved nozzle reinforcements. One design used quit 
extensively in pipe line work is the saddle type, wherein a 
steel ring having an integral collar is fillet welded to th 
header and nozzle, as shown in Fig. 9. 
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Fig. 6—Diametrical Deflection Curves at Nozzles of 24 x 24 x 18-In 
Header 

Reinforcements of this design reduce the deformation 
at the flat sides of the connection and, from all the evi- 
dence that has been gathered, provides adequate reinforce- 
ment under most conditions. Another style of reinforce- 
ment being used to a great extent is the ring type and it, 
no doubt, owes its popularity to the fact that it can be 
made without any die equipment, which, of course, is 
necessary on the saddle reinforcements. The rings are 
cut to proper shape by an oxyacetylene torch from either 
boiler plate or pipe and joined to the nozzle connections 
by fillet welds, as illustrated in Fig. 10 rhe thickness 
and width of the rings can be designed to meet most 
pressure and temperature service requirements 


Cooperative Tests 


rhe ring type reinforcements employed on piping have 
generally been based on the rules prescribed in the A. S 
M. E. Unfired Pressure Vessel Code or the A. S. M. E 
A. P. I. Code for Unfired Pressure Vessels for Petroleum 
Liquids and Gases. While these rules were primarily 
intended to apply to nozzles which do not exceed 60°% of 
the shell diameter, designers have extended their use to 
piping, wherein the nozzles approach or even equal the 
diameter of the pipe header Although the indications 
were that pipe header reinforcements based on this prac 
tice met service requirements satisfactorily, there re 
mained some doubt in many designers’ minds as to their 
adequacy, especially since the A. S. A. Code for Pressure 
Piping did not provide any rules for nozzle reinforce 
ments. This resulted in the organization of a special 
Sub-Committee on Welded Branch Connections, of the 
A. S. A. Sectional Committee B-3] It became evident 
to this committee that a series of tests would be neces 
sary in order to gather sufficient data to formulate design 
rules. Since this committee had no funds to conduct 
such an investigation, it appealed to the Pipe Fabrica 
tion Institute and other interested parties for their co 
operation rhrough the effort of the Institute, the Na 
tional Valve & Mfg. Co. and the Grinnell Co. fabricated 
test headers from pipe donated by the National Tube Co 
The Detroit Edison Co. also submitted a header for test 
and Crane Co. constructed several manifolds to study 
various types of welding grooves on branch connections 
All of the tests were conducted by the Crane Co. Re 
search Laboratories 

The header fabricated by The 
made from S-in. Schedule SO medium carbon seamless 
steel pipe of a special silicon-killed analvsis, having a full 
size branch connection of tlle same material. This mani 
fold was first tested at the University of Michigan, both 
with and without a ring type reinforcement. The findings 
were reported in a paper presented by Dr. F. L. Everett 


Detroit Edison Co. was 





Fig. 7—Fabricated 1500-Pound Tee Having Gusset and U-Shaped Rib Re 
inforcements Set Up for Test at High Temperatures 


Fig. 8—Failure of Gusset Plate Weld After Test on High 
essure and Temperatures 


194] WELDED PIPE HEADERS 579 






























Table 2—Pipe Data, Theoretical and Actual Bursting 
Pressures 


[ype of header 


Made by 
Diameter and 
length of 
header 
Header wall 


8 x 8-In. re 
infor ed 
Detroit Edison 


12 x 12-In. re 
inforced 


National Valve 


1s) VE 19 


12.75 x 120 In 


12 x 6-In. un 


reinforced 
Grinell 


12.75 x 78 In 


thickness 0.50 In ). 687 In 0.687 In 
Diameter and 

length of 

nozzle 8.63 x 38 In 12.75 x 60 In 6.63 x 38 In 
Nozzle wall 

thickness 0.50 In 0.687 In ). 432 In 
A.S. T. M 

pipe spec Special A 106 (Grade B) A 106(Grade A 
Carbon content 0.27% 0.18% 
rensile strength 76125 79500 59375 

Ib. per sq. in lb. per sq. in lb. per sq. in 
Yield point 63975 69000 39925 
lb. per sq. in Ib Ib 

Theoretical 

bursting 

pressure * 8820 Ib S590 Ib 6400 Ib 
Actual bursting 

pressure 8750 Ib S000 Ib 5850 Ib 
Difference 70 Ib 590 Ib 550 Ib 
Percentage 

difference 0.8" 6.9° x ff 


rheoretical bursting pressures were based on Barlow for 


mula, 1. 
21xTs 
Bursting pressure in lb. per sq. in D 
O 


where 7 pipe wall thicknes 
| tensile strength in lb. per sq. in 
O.D. outside diameter of pipe 


The calculations were based on the tensile values obtained from 
test bars cut from the headers after the destruction tests 


and Mr. Arthur McCutchan at the 1937 Annual Meeting 
of the A. S. M. E. and published in the July 1938 issue of 
the A. S. M.E. Transactions. After the completion of the 
tests at the university, the header incorporating the ring 
reinforcement was submitted to Crane Co. for further 
study and test to destruction in connection with the co- 
operative testing program described. As the header had 
been thoroughly explored by means of strain gages, there 
was no need for an additional investigation of this char- 
acter. Consequently, it was decided to measure deforma- 
tions of the manifold by means of dial indicators, as this 
would supplement the strain gage readings and would 
possibly bring about a better understanding of what 
occurs in the highly stressed areas. Figure 11 shows the 
header set up for hydrostatic test with 42 dial indicators, 
graduated in thousandths of an inch, located at the most 
critical sections. 

A 12 x 12-in. header fabricated by the National Valve 
& Mfg. Co. was similar to the Detroit Edison manifold, 


Fig, 11—8 x 8-In. Reinforced Header Made by The Detroit Edison Co. 
Set Up for Hydrostatic Test Showing Dial Arrangement 





Fig. 9—Saddle Type Nozzle Reinforcement 
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including the ring type reinforcement. It 


up for test in a similar manner to the 8 x 8 in. header 
12. The locations of the dials on th 
two manifolds were substantially the same becaus: 
reinforcing rings were designed on the same basis, namel 
modified A. S. M. E. Code rules; 


as shown in Fig. 
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Fig. 10—Ring Type Nozzle Reinforcement 
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indicates the approximate dial locations for both 
12 x 6 in. header was made by the Grinnell Co., but w 


purposely not 


size reductions in 


ment. 


somewhat 


each other in order to eliminate, as much as possibl 
errors in measurement due to shifting of the manif 

on their supports when deflection occurred. 
headers were arc welded and stress relieved after fabri 
(See Table 2 for data on pipe used.) 
Internal hydrostatic pressure was applied gradual! 


tion. 


in 400-lb. increments by means of a hydraulic displac 
ment machine capable of developing pressures in exc 
of 50,000 Ib. per sq. in., and dial readings were record 
at each increment of pressure until the dials indicating 
the greatest deflections showed that the pipe material | 
exceeded the proportional limit. 
released and the dials and their supporting framew 


Fig. 12—12 x 12-In. Reinforced Header Made by The National Valve & 
Mfg. Co. Set Up for Test with Dial Indicators in Place 


reinforced, as the 


relative to the other arrangements rl 
majority of the dials were placed diametrically opposit: 


Figure 14 shows 1 


The pressure was tl 


Sub-Committec 
Welded Branch Connections desired to ascertain if | 
nozzle connections needed reinf 
(Previous test data gave some indications tl! 
this was probably not necessary.) 
12 x 6 in. header set up for test, the dial locations bei 
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Fig. 14—12 x 6-In. Unreinforced Header Made by the Grinnel 
Co. Showing Test Set-Up 
removed, whereupon pressure was again gradually in 
creased until failure occurred... The &x 8-in. and 12 x 12 
in. reinforced headers fractured longitudinally immedi- 
ately below the rings at 8750 Ib. and 8000 Ib., respec- 
tively, as shown in Figs. 15 and 16. The ruptures are 
typical of pipe failure under hydrostatic pressure, and 
the bursting pressures are in fair agreement with theoret 
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Fig. 13—Locations of Dial Indicators on Headers 





Fig. 15—Failure of 8 x 8-In. Reinforced Header 





ical bursting pressures based on Barlow's formula, using 
tensile properties obtained from test bars removed from 
the headers after the destruction test. This is described 
in more detail in Table 2. The 12 x 6-in. unreinforced 
header also failed longitudinally, but the fracture carried 
into the nozzle in @ triangular formation, as illustrated in 
Fig. 17. The actual bursting pressure is slightly lower 
than the theoretical, as can be seen from the tabulated 
data in Table 2 

The major deflection readings obtained on the three 
headers are expressed graphically in Figs. 18, 19 and 20 
These show that the maximum deformations occurred in 
the vicinity of the junctions between the headers and 
their nozzles and indicate what occurs when a circular 
cross section is deviated, from, thus producing weaker 
structures to resist internal pressure. While this yield 
ing occurred at the sides of the full-size reinforced connec- 
tions, the bursting pressures approximate those of straight 
lengths of pipe without any openings. It appears from 
this that redistribution of stresses takes place while 
yielding, and that ring reinforcements proportioned to 
those employed in these tests will practically develop the 
full strength of pipe. It also appears that branch con- 
nections one-half the size of the header, or possibly 
smaller, will require some reinforcement. This was taken 
into consideration by the Sub-Committee in developing 
reinforcement rules 


Nozzle Connections 


Some controversy existed within our own organization, 
as well as with other fabricators and insurance under- 
writers on the methods of attaching nozzles to piping. 
This led us to institute tests on three general types of 
nozzle attachments to determine the most feasible and 
acceptable designs. Shortly after these tests had been 
started a similar discussion arose in the Sub-Committee 
on Welded Branch Connections and the feeling prevailed 
that additional tests should be made in connection with 
those being conducted on header branch reinforcements 
previously described. Since we were engaged in making 
an investigation along identical lines, we offered the com 
mittee the results of our tests. 

A preliminary study was made by fabricating short 
tees of three different designs of nozzle attachments, us- 
ing 10°/s in. O. D. by 0.875-in. wall thickness A. S. T. M. 
Designation A 106 Grade A seamless steel pipe, as pre 
sented in Fig. 21. The scarfing of the nozzles and the 
holes in the tubes were accomplished by oxyacetylene 
cutting torches, the pieces shown in Fig. 21 (A) and 21 
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Fig. 16—Failure of 12 x 12-In. 


Reinforced Header 


(C) being done manually, while those in Fig. 21 (B) were 
cut in a beveling machine. The assemblies were arc 
welded by code qualified operators, using all-purpose 
coated electrodes. After the welding was completed, the 
tees were cut into sections around the circumference of 
the nozzles. These were then machined, polished and 
deep-etched to observe the fusion between the parts 
joined. Photographs were taken of representative etched 
specimens removed from the tees at intervals of 22! 
on the circumference, starting at the crotch and termin< ut 
ing on the side. 

The attachment shown in Fig. 21 (A) represented the 
former practice employed by The Detroit Edison Co.** 
The opening in the header is scarfed around its entire 
circumference but the nozzle is cut square at the crotch 
and is gradually beveled as the sides are approached, the 
included angle varying from approximately 60° in the 
crotch to 120° at the sides. This construction affords a 
wide welding groove in the crotch, thus aiding the weld 
ing operator in obtaining good fusion. Figure 22 shows 
etched sections from this type of nozzle. A relatively 
new type of nozzle attachment, popularized by Mr. F. C 
Fantz of the Midwest Piping and Supply Co.’"' is shown 
in Fig. 21 (B). In this practice the opening in the header 
is cut straight and the nozzle which sets on top of the 
header is beveled in the crotch and graduates to a square 
cut on the sides. The widths of the welding grooves in 
this design are somewhat reduced (see Fig. 23). The 
procedure illustrated by Fig. 21 (C) is to scarf both the 
header and the nozzle, thereby providing equal metal 
thicknesses to be welded, the total included angle increas- 
ing from approximately 40° in the crotch to 90° on the 
sides. The welding groove formed in the crotch is some- 
what narrow. Etched specimens are shown in Fig. 24. 
Our fabricating shop experienced no difficulty in prepar- 
ing these three types of joints, and in all cases it was 
possible to obtain acceptable fusion and produce sound 


Unreinforced Header 


Fig. 17—Failure of 12 x 6-In. 
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18—Diametrical Deflections on Header, 
Ring Obtained on 8 x 8-In. 
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ig. 19—Diametrical Defiections on 12 x 12-In. Reinforced Header at 
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Fig. 20 —Diametrical Deflections on 12 x 6-In. Unreinforced Header at 
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Fig. 21—Types of Nozzle Construction 


Schedule 40 A. S. T. M. Designation A 106 Grade A 
tubing. Subsequent to welding, the headers were stress 
relieved at 1200° F. 

lhe headers were set up for test in the manner illus 
trated by Fig. 25 and 34 indicating dials were placed at 
strategic locations to indicate relative deflections. Test 
procedure was similar to that employed on the other 
manifolds, and as pressure was being built up, dial read 
ings were taken at each 200-Ib. pressure increment until 
the proportional limit indicated by most dials had been 
exceeded. The dials were then removed and the test 
continued to destruction. The header having a scarfed 
hole with the crotch of the nozzle cut square (Fig. 21 (A 
failed in the nozzle at 6700 Ib. per sq. in., as illustrated in 
Fig. 26. The header having a square hole with the nozzk 


Fig. 22—Etched Sections Removed from Nozzle Attachment Shown in 
Fig. 21 (A) 
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Fig. 23—Etched Sections from Nozzle Attachment Shown in Fig. 21 


Fig. 24—Etched Sections Cut from Nozzlk« 
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chamfered at the crotch (Fig. 21 (B)) ruptured longi- 
tudinally at 6400 Ib. per sq. in., as shown in Fig. 27 
The header, wherein both the hole and nozzle were 
chamfered (Fig. 21 (C)), failed in the crotch at 6100 Ib. 
per sq. in., as displayed by Fig. 28. 

Tensile test bars were cut from the manifolds after the 
hydrostatic test and these gave average physical proper 
ties of 58,650 Ib. per sq. in. Using this value in Barlow's 
formula, the theoretical bursting pressure of pipe such as 
that from which the headers were made, but not having 
any openings, would be 6800 Ib. per sq. in. 

It will be observed that the bursting pressures of the 
three test headers varied approximately 9%), which may 
be considered within probable experimental error for in- 
vestigations of this nature. Each header failed in a dif- 
ferent manner, namely, longitudinal rupture along the 
side of header, fracture in the fusion zone of the weld on 
the side of the nozzle and extending parallel with the 
nozzle, and cracking in the crotch. This indicates that 
the stresses at the time of failure on internal pressure are 
apt to be at a maximum at any of the three locations. 
These various types of failure coincide with the results 
obtained on previous tests made by ourselves and other 
investigators. Consequently, we feel that the nozzle 
constructions studied have little or no relation to the 
ultimate bursting pressures of branch assemblies. 

In order to verify the scarfing and quality of the welds 
at the nozzles of the headers used in destructive testing, 
and to compare these with the preliminary specimens 
shown in Figs. 22, 23 and 24, deep etched sections were 
prepared from each branch assembly. It was observed 
that the welding grooves in the three types of nozzles 
apparently did not produce any obstacles to code quali- 
fied welders in making the test welds and headers. Ac- 
ceptable fusion at the bottom of the grooves with but a 
slight icicle formation, good side wall fusion and sound 
deposited metal were obtained in all cases, even with 
rather narrow included angles and variable thicknesses of 


Fig. 25—Typical Test Set-Up for Headers to Study Effect of Various 
Nozzle Constructions 


base metals. Therefore, it appears that any nozzle scarfed 
in such a fashion to permit complete welding through 
to the inside diameter of the nozzle or header should be 
satisfactory, which the Code for Pressure Piping recog- 
nizes in its new rules. The type of nozzle attachment 
to be preferred will depend upon the fabrication equip- 
ment available, the cost of preparation, set up, welding 
and other production problems. 

While the latter tests were primarily conducted to 
study the weldability and strength of three types of 


Fig. 2o—Failure of Header with Nozzle Attachment Shown in } ig. 21 
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Fig. 27 —Failure of Header with Nozzle Attachment Illustrated in Fig 





branch connections, the information obtained also pr 
sents data on the reduction in strength of headers caused 
by full-size unreinforced nozzles. This is not quit 
agreement with results previously described, wherei 
reductions of 30°) or even greater had been noted in th 
ultimate failure pressure. The latter tests do not show 
such magnitudes of reductions in bursting pressures, and 
we are at a loss to account for these variations. However 
the deflection curves recorded from the dial indicators 
some of which are plotted in Fig. 29, still indicate th 
necessity for proper reinforcement to prevent excessiv 
deformation of the flat sides. 

The tests reported in this article are necessarily brie! 
but complete detailed information was submitted to the 
Sub-Committee on Welded Branch Connections of th 
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Fig. 28—Failure of Header Having Nozzle Construction Shown in 
Fig. 21 (C) 
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Fig. 29—Typical Diametrical Defiections on Headers with Three Types 
of Nozzle Attachments 


A. S. A. Sectional Committee B-31. These reports, plus 
some additional data referred to in the bibliography, wer 
carefully analyzed by the committee, and with the co 
operation of the Pipe Fabrication Institute’s Technical 
Committee, recommendations on nozzle attachments and 
their minimum reinforcing requirements were formu 
lated, as will be prescribed in the new revised A. 5. A. 
Code for Pressure Piping. This Code covers all piping 
used at pressures above 15 Ib. per sq. in. and the rules 
will read substantially as follows, with possible changes in 
paragraph numbers and editorial corrections. 


Chapter 5—Welded Branch Connections and 
Fabricated or Cast Specials 


633. This chapter concerns the methods to be 
followed in the fabrication of intersecting welded 
branch connections and is limited principally to those 
branch connections in which the angle between the 
outlet and the run is not less than 85 degrees. It also 
deals with fabricated specials as covered in Par. 635 
All the provisions of Chapter 4, so far as they apply, 
shall be followed. 

634. Welded Branch Connections: (a) Some a 
ceptable forms of joints which have been found to be 
satisfactory by tests, as shown in Figs. 7 and 8. (Similar 
to Fig. 21 in article.) 

(6) The contours of the openings in the run and 
the end of the outlet shall be such as to make an ac 
curate fit-up. 

The edges of the pipe at the roots of the joints shall 
be not closer than '/;, in. nor more than '/, in. except 
when backing rings are used. 

(c) A header having a branch or branches attached 
by welding shall be reinforced to make it equivalent 
in strength to the computed bursting strength of 
straight sections of pipe as determined by the formulas 
for pipe wall thickness given in Sections 1 to 5, incl., of 
this Code. 

The necessity for and the amount of reinforcement 
required in the crotch section shall be determined by 
the rule that the area available for reinforcement shall 
be equal to or greater than the required area as defined 
as follows: The required area shall be determined as 





the cross-sectional area of the finished opening in the 


} 


header, considered as a rectangle whose length is the 
diameter of the finished opening and whose height ts 
the theoretical minimum wall thickness of the header. 


The available area included as reinforcement shall be 


at least the sum of the following cross sectional areas 





1. The cross-sectional area of the fillet welds 
adjacent to the nozzle and above the outside surface 
of the header 
2 Che cross-sectional area of t 
mined from the minimum thickness or inspection and 
a height equal to 2'/, times the minimum thickness 
of the nozzle wall above the outside surface of the 
header, or above the outside of the reinforcing ring 
or saddle, if used 

3. Any additional thickness of the wall of the 
header above the theoretical minimum thickness re 
quired by the wall thickness formulas of Sections 
to 5, inel., for a distance equal to the inside diameter 


ie branch deter 


30—Reinforcing Ring or Saddle Encircling Header Below Nozzle 


to Reduce Deformation 


Fig. 31—Built-Up Collar on Ring to Reinforce Nozzle 


194] WELDED PIPE HEADERS 585 








































































of the branch on each side of the center line of the 
branch. 

In case the sum of these available areas is less than 
the required area, additional reinforcement shall be 
provided. This additional reinforcement shall be 
obtained by additional thickness of header wall and 
or branch wall, ring, saddle and/or weld metal. 
See Figs. 9 and 10. (Similar to Figs. 9 and 10 in 
article. ) 


The material used for ring or saddle reinforcement 
may be of specifications differing from those of the pipe, 
provided the cross-sectional area is made in proportion 
to the relative strength of the reinforcement and pipe 
materials at the operating temperature and provided 
it has welding qualities comparable to those of the 
pipe. 

When rings or saddles are used which cover the weld 
between branch and header, a vent hole shall be pro 
vided in the ring or saddle to reveal leakage in the weld 
between branch and header and to provide venting 
during welding and heat-treating operations 

The use of ribs or gussets shall not be considered as 
contributing to reinforcement of the branch connec 
tion. This does not prohibit the use of ribs or gussets 
for purposes other than reinforcement. 

The hole to be compensated for by reinforcement 
shall be measured on the diameter of the outlet parallel 
to the axis of the run. 

Fillet welds used in attaching the reinforcement shall 
be full fillet welds. 

Reinforcing rings and saddles shall be accurately 
fitted to the parts to which they are attached. Figures 
9 and 10 illustrate some acceptable forms of reinforce 
ment. (Similar to Figs. 9 and 10 in article.) 

(qd) Branch connections attached at an angle less 
than 85 deg. to the run become progressively weaker 
as the inclination becomes less. Any such designs 
must be given individual study and sufficient reinforce 
ment must be provided to compensate for the inherent 
weakness of such construction. The use of encircling 
ribs to support the flat or re-entering surfaces is per- 
missible, and may be included in the strength calcula 
tions. 

635. Fabricated and Cast Specials: (a) Fabricated 
swages, orange-peel bull plugs, segmental elbows and 
other special fittings may be formed from pipe or plate 
material and welded in accordance with the general re- 
quirements for welded joints specified in this section 
Design shall be such that the fitting will be equivalent 
in strength to the computed bursting strength of a 
straight section of pipe as determined for the service 
conditions by the formulas for pipe wall thickness 
given in Sections 1 to 4, incl., in this Code. The in- 
herent weakness of such designs shall be taken into ac 
count in establishing the service conditions under which 
they may be used. 

(6) Cast special fittings with welding ends shall 
conform to material requirements of A. 5. T. M. Speci 
fications A 216 or A 217, and shall be designed in ac- 
cordance with requirements of American Standard 
Bl6e, or Par. 634 if practicable. Where rules of Ameri- 
can Standard Bl6e are applied in the design of such 
fittings, the shape factor employed in determining 
minimum wall thickness may be omitted for the cylin 
drical or tapered ends. When welding ends of castings 
are machined both inside and outside and carefully 
inspected, the quality factor at the welding ends may 
be taken as 100 per cent, but in no case shall the thick 
ness of the welding end be less than the wall thickness 
of the mating pipe. 
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As mentioned previously, the new Code rules are mini- 
mum requirements and correspond quite closely to those 
prescribed in the A. S. M. E. Unfired Pressure Vesge! 
Code, except that no 2-in. deduction in width of crosc. 
sectional area of the finished opening is permitted. Sj; 
the A. S. M. E. Code regulations were intended to ty 
applicable only to nozzles not greater than 60°% of th, 
shell diameter, the Piping Code rules are virtually an ey 
tension of the former to include branch connections 
full size. While all of the tests show that ring reinforc, 
ments provide adequate strength to meet most condition: 
it does appear that for full-size and possibly one-six 
reduced nozzles, additional reinforcement should be co 
sidered, especially where the service is as severe as that 
encountered with high-temperature conditions or pulsat 
ing loads. This can be accomplished by having the ring 
or saddle extend around the header, tapering from th 
top at the nozzle to the bottom, as shown in Fig. 30. A 
collar, such as illustrated by Fig. 31, should also be 
corporated on the nozzle, which could either be integral 
or built-up with the saddle. Such a construction, 
doubt, would amply reinforce all the highly stress 
areas. A somewhat similar design was also suggested by 
Mr. McCutchan in his article entitled, ‘‘Fabricati 
Details for High Pressure and Temperature Piping 
Delray,’ published in Heating, Piping and Air Conca 
tioning, April 1939, excepting that instead of a collar 
the nozzle, wedge-shaped side plates were built on th 
flat sides of the nozzle from the ring. 
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Welding Metallurgy 


VOLUME II 


By O. H. HENRY and G. E. CLAUSSEN 


A series of lectures prepared for presentation in a fundamental course of metallurgy 
and metallography at Polytechnic Institute of Brooklyn under the joint auspices of 
the Institute and the New York Section of the AMERICAN WELDING SOCIETY. 
To be published serially in The Welding Journal. The lectures are reproduced in 
attractive booklet form, copiously illustrated—357 pages—with imitation black leather 
covers. Volume | consists of the first series of 10 lectures given by the New York Sec. 
tion in cooperation with the Polytechnic Institute of Brooklyn last year. Volume 2 in 
cludes the series of lectures given this year. The price of the book containing 


both volumes is $1.50 per copy. 
of 50 or more. 


Part VIIJ—Preheating and Stress 
Relief 


Preheating involves raising the temperature of steel 
above the temperature of the surroundings before welding. 
The entire part may be heated or, if local preheat is 
called for, only the vicinity of the weld is heated. Some 
times post-heating, heating the weld immediately after it 
is completed, may be substituted for preheating. The 
requisite preheating temperatures depend on steel, 
rigidity and welding process; they vary from 100 to 1200 
F, It is important that the part is preheated to the 
correct temperature, which may be estimated by many 
methods; for example, surface thermocouple, colored 
chalks that change color at known temperatures, pellets 
that melt at known temperatures, and the charring of a 
splinter. The best method of insuring that the pre- 
heating temperature is correct is to preheat the part in a 
furnace held at the desired temperature. Allowance 
always must be made for the cooling of the part after 
removal from the furnace. For this reason the furnace 
should be at a temperature higher than the minimum 
temperature below which trouble is known to ensue. 
Welding should be discontinued before the minimum 
safe temperature has been reached. There are occasions 
when too high preheating temperature may be as disas- 
trous as too low, for example, a complicated part without 
internal strutting may collapse, or the heat from the part 
may prejudice the operator’s ability to produce a sound 
weld. 

Preheating may be used for a number of reasons among 
which are the prevention of hard cracks, hard zones and 
shrinkage stresses and the reduction of distortion. Heat 
treatment, on the other hand, cannot prevent cracks 
that occurred during welding. However, it softens any 
hard zones and relieves shrinkage stresses, the heat- 
treated part may be suitable for service that might cause 
failure of a part that was merely preheated during weld- 
ing but not heat treated afterward. Heat treatment 
signifies heating the part to a relatively high tempera- 
ture, 1100° F. or over, after all or part of the welding is 
completed. Preheating, on the other hand, signifies 
heating the part to a relatively low temperature before 
welding is begun. It is rarely practicable to weld the 
part at the temperature of heat treatment. 


Special prices can be arranged for quantity lots 
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Fig. 54 (a)—Preheat Temperature in Relation to the S-Curve. The 
Dotted Lines Represent Different Preheating Temperatures 


Preheating 


Whatever other effect preheating may exert, it is a 
universal rule that it lowers the cooling rate after weld 
ing, as explained at the end of Part I, Vol. I. For a given 
condition of welding (current, welding speed, etc.) cooling 
rates will be faster for a weld made without preheat than 
with preheat. The higher the preheating temperature, 
the slower will be the cooling rates after the flame has 
passed. Besides reducing the temperature gradient, 
which is the principal factor governing cooling rate, pre- 
heating lowers the thermal conductivity of iron. The 
thermal conductivity of iron at 600° C. is only half the 
thermal conductivity at room temperature. Low ther- 
mal conductivity necessitates slow withdrawal of heat 
from the welded zone, and correspondingly slow cooling 
rates. Further, an increase in base metal temperature 
sometimes increases the ‘‘hotness’’ of the weld puddle in 
arc welding. Asa result beads deposited on plates pre 
heated to 300° or 600° C. may be more concave or spread 
further than on plates without preheat. 

Reduction in cooling rate by preheating increases the 
time spent by the heat-affected zone in the temperature 
range 500-650° C. and therefore, promotes the trans- 
formation of austenite to pearlite (ferrite + carbide 
instead of to martensite, Fig. 9. The preheated weld 1s 
less likely to have hard zones than without preheat. 
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Fig. 54 (c)—Austenite Crystal Lattice Showing Carbon Atoms (+) in 
Interstitial Positions (Interstitial Solid Solution) 


Ypen circles are iron atoms. The carbon atoms are not combined as separate crysta 
Fes Rollason) 


Despite the slower cooling rate provided by pre 
heating, the steel to be welded may yet fail to transform 
to pearlite during cooling. If the preheating tempera 
ture is relatively low, B in Fig. 54(a) contrasted with room 
temperature A, the heat-affected zone close to the weld 
may transform to martensite. It appears to be a char- 
acteristic of martensite in the higher-carbon steels 
(0.6% C or over) which we are safe in assuming applies 
to lower-carbon steels that the percentage of austenite 
that transforms to martensite increases as the tempera- 
ture decreases. In Fig. 54, \/ is the highest temperature 
at which austenite changes to martensite during cooling. 
However, at temperature \/ only a very small percentage 





Fig. 54 (d)—Microstructure of Quenched High-Carbon Steel (Rosenhain), 
Showing White Needles of Martensite in Darker Austenite 
The black needles at the austenite grain boundaries represent some other constituent 
perhaps bainite or fine pearlite. Unlike fine pearlite, the martensite needles bear no 
relation to grain boundaries. 


of the austenite may change to martensite. The small 
percentage of martensite appears instantly as soon as M 
is reached during cooling, but little more martensite 1s 
formed if the temperature is held at 1/. Lowering the 
temperature to B causes further transiormation of aus- 
tenite to martensite, the reaction again stopping when a 
critical percentage of austenite has changed to marten- 
site. During further cooling to room temperature, A, 
nearly all of the remaining austenite changes to mar 
tensite. It is not unusual to observe considerable per 
centages, say 10%, of austenite in tool steel that has 
been quenched to room temperaturt 


Preventing Hard Cracks 


The dependence of the austenite-martensite trans- 
formation on temperature is believed by some authorities 
to account for the valuable effect of preheating to 100 
200° C. on the prevention of cracking of low-alloy steels 
during welding. Hard zones may be formed even with 
preheat to 100-200° C. but at the preheating tempera- 
ture so little austenite changes to martensite that cracks 
do not form. During cooling from the preheating tem- 
perature to room temperature, additional martensite 
forms from the retained austenite. However, the rate 
of cooling is slow, thermal stresses due to differences in 
temperature are slight, and it is found by experience 
that cracking does not occur 


Fig. 54 (e)—Schematic Diagram of Precipitation from Solid Solution 
The black dots rer nt atoms of 4a new ysta h as Fes that has formed in the 


prev isly uniform crysta f open a - Nor dietortior th at near 


the new cryste henge of austenite to mart ' @ Gilferent charact sdout 


Now suppose that the preheating temperature, C in 
Fig. 54, is above the highest temperature at which mar 
tensite can form. Obviously, austenite cannot change 
to martensite no matter what rate of cooling prevails, so 
long as the preheating temperature is maintained. 
Nevertheless, any austenite that reaches the vicinity of 
the preheating temperature may require a long time for 
complete transformation to products other than mar 
tensite. Fora steel containing 0.1% C, 5% Cr, '/s% Mo 
or 0.4% C, 1.8% Ni, 0.8% Cr, 0.38% Mo (A. S. T. M. 
grain size 7-8), for instance, a week may be required for 
complete transformation of austenite at 500 or 400° C., 
respectively. For this reason rapid cooling from pre 
heating temperature is not advisable for the higher- 
carbon and alloy steels. With many steels preheating 
above the maximum temperature for the austenite to 
transform to martensite is sufficient to prevent zones of 
martensite next to the weld, regardless of cooling rates 
from preheating temperature, provided that the pre 
heating temperature is maintained throughout the period 
of welding. 

Before discussing the effect of preheating on shrinkage 
stresses, let us consolidate the results of the last three 
paragraphs. We know that hard zones sometimes occur 
in the heat-affected zone of welded medium- and high 
carbon steels, and we know that if there is a hard zone 
cracks may occur during the last stages of cooling. It 
seems logical to deduce that shrinkage stresses, aug 
mented by the expansion when austenite transforms to 
martensite, cracks the martensitic zone, which is both 
hard and lacking in ductility. Preheating to a low tem 
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perature, 100—200° C., which is adequate for the lower- 
carbon and low-alloy steels, may either prevent austenite 
from transforming to martensite by reducing the cooling 
rate or cause the austenite to change very slowly to mar- 
tensite, both actions preventing cracks. Preheating to 
higher temperatures, 300° or 400° C., which is often 
necessary for steels with over 0.30% C., prevents the 
formation of martensite during welding. 

The products other than martensite to which austenite 
transforms in preheated welds may be pearlite or the 
less well known bainite. Heat-affected zones containing 
pearlite, even the very finest pearlite, will be capable of 
far more deformation without cracking than zones con- 
taining martensite. The properties of bainite are not 
so wellknown. All available evidence shows that a given 
steel exhibiting bainite is more ductile than the same 
steel in the martensitic condition. We are not stating 
that martensite tempered by reheating to have the same 
hardness as bainite will be less ductile than bainite, but 
that martensite generally has less ductility than bainite 
in the same steel. It happens that bainite is 5 to 30 
Rockwell C units softer than martensite, the bainite 
formed at higher temperatures being softer but not 
necessarily more ductile than the bainite formed at 
temperatures just above the martensite temperature .\/, 
Fig. 54. It is true that martensite, if reheated to the 
temperature at which bainite forms on cooling, may be 
come as ductile or more ductile than bainite. For weld 
ing purposes, however, it is a question of preheating or 
not preheating. If martensite forms without preheat 
there is likelihood of cracks in medium-carbon steels 
No amount of reheating will heal the cracks. 


Preventing Shrinkage Stresses 


Besides preventing hard zones or at least rendering 
them incapable of causing cracks under some conditions, 
preheating may be beneficial in reducing or preventing 
shrinkage stresses. To understand the action of pre- 
heat on shrinkage stresses, let us return to the bar anal- 
ogy, Figs. 24 to 27, that was found to be helpful in 
Part IV, Vol. II. Instead of maintaining the rigid jaws of 
the press at room temperature, as we did in Part IV, we 
shall preheat them as well as the bar, Fig. 55, to three 
typical preheating temperatures: 100, 300 and 600°” C. 
At all times the jaws of the press will remain the same 
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distance apart, and the bar thus will be heated to 1500° ¢ 
and cooled again under complete restraint. Durino 
heating the stress in the bar without preheat, Fig. 55 (q) 
rises to the yield stress in compression as in Fig. 27 
and remains at the yield stress throughout further hea} 
ing. 

We know from Fig. 56, that the yield stress of ste, 
determined in a test lasting a few minutes drops near] 
to zero at temperatures above 600° C. Consequenth, 
by the time the bar in Fig. 55 (a) has reached 600° C. th, 
stress in it has dropped nearly to zero. The rate ; 
which the bar is heated will determine to some extent th, 
temperature at which the stress becomes zero. Rapid 
heating has the effect of rapidly straining the steel. At 
rapid rates of strain the yield stress is higher than at loy 
rates. Since high rates of heating prevail in som 
processes of welding, such as spot welding, the tempera 
ture at which the stress drops nearly to zero in the z 
heated above 600° C., during welding may be 700° ¢ 
or so. Cooling rates generally are slower than heating 
rates and we need expect no great effect of rate of cooling 
on the temperature at which the yield stress rises 
cooling, except at slow rates of cooling created by art; 
ficially retarding the cooling. 

Returning to Fig. 55 (a), we observe that the bar is 
free from stress to all intents and purposes above 600° ¢ 
When the bar cools from 1500° C., Fig. 55 (), it reaches 
the tensile yield stress, which is very low above 600° (¢ 
and yields; that is, its diameter is reduced while its 
length remains unchanged and equal to the length be 
tween the fixed jaws. At 600° C. and below the vield 
stress rises and the shrinkage stress likewise rises. The 
shrinkage stress is close to the yield stress at all ten 
peratures and unquestionably is at the yield strengtl 
when the bar has cooled to room temperature. 

The effect of preheating press and bar to 100° ¢ 
illustrated in Figs. 554c) and (d). Events are pra 
tically the same as with no preheat; the bar ends the 
cycle with tensile shrinkage stress up to the yield strengt! 
at 100° C. Preheating to 300° C., Figs. 55 (e) and 
does not alter the cycles of events on heating and cooling 
although the maximum compressive stress on heating 
and the tensile shrinkage stress on cooling to 300° ¢ 
will probably be lower than with 100° C. due to th 
lower yield stress at 300° C. compared with 100° C 


cooLiac _—_ 


(b) Ho Preheat 


(d) 100°C Preheat 


Fig. 55—Stress-Temperature Curves for Bars 
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i Under Complete Restraint During Heating 


and Cooling 


The iaws of the restraining press remain at prehee 
temperature throughout the experiments 


(f) 300°C Preheat 


h) eo0% 
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Fig. 56—Short-Time Yield Strength of Wrought Iron at High Tempera- 
tures. (Metals Handbook) 


When bar and press are preheated to 600° C., the 
stresses are vanishingly small at all temperatures. The 
bar was completely restrained during heating from 600 
to 1500° C. and therefore was upset. On cooling back 
to 600° C. the upset was removed completely. Preheat- 
ing to 600° C., therefore, has prevented shrinkage stresses. 
But, it may be objected, do not shrinkage stresses appear 
if the bar is cooled to room temperature? The question 
reveals a lack of comprehension of preheating, for when 
we cool a welded part after preheating, not only the 
welded zone (the bar) is cooled, but the remainder of the 
part also, corresponding to the press. It is true, there 
fore, that if we cooled the bar only, tensile shrinkage 
stresses would appear in it, but when we cool both press 
and bar uniformly to room temperature, no shrinkage 
stresses Can occur. 

It is as if we released the bar from the press and cooled 
it freely without restraint. The bar would contract an 
amount exactly equal to the contraction of the distance 
between the jaws of the press during cooling. The re 
leased bar therefore can be fitted exactly between the 
jaws of the press again after both have cooled to room 
temperature without applying stress. Had the pre 
heating been local instead of total (torch or induction 
coil preheat instead of furnace preheat) it is obvious 
that the cooling of the preheated region to the tempera 
ture of the rest of the part would create shrinkage stresses 
that may be more or less severe than the stresses caused 
by welding alone depending on circumstances. If 
shrinkage stresses must be kept at a minimum, any 
application of local preheat must be studied to avoid 
them. 

In addition to reducing shrinkage stresses, preheating 
to the higher temperatures, above 300° C., reduces over- 
all distortion (upset) appreciably and reduces the yield 
strength of the part. Reducing the yield strength of the 
part relieves shrinkage strain, which, if forced to occur 
solely in the highly heated zone in the immediate vicinity 
of the weld, might lead to hot cracks in weld metal or in 
base metal close to the weld. 

_ Preheat may serve still another purpose. Stainless 
iron containing 16% Cr should be preheated to prevent 
shrinkage stresses acting on the coarse-grained weld 
metal and heat-affected zone at the low temperatures at 
which they are brittle. Preheating to 100° C. or less 
may help to serve a similar purpose in preventing cracks 
in hard zones near welds in medium-carbon steels. 

_ Need we restrict preheating to temperatures below 
600" C.? For practical reasons we must, but there are 
conditions in which we make use of higher preheats 
perhaps unwittingly. As the preheating temperature is 
raised, cooling rates become slower, and the region 
heated to at least above the critical range becomes 
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correspondingly wider, Figs. 57 (@) and (0). There has 
been no change in grain size in the regions outside the 
critical limits. Were the plates preheated above the 
critical range to start with, there would be no region 
outside the critical limits, of course. The grain size of 
the plate as a whole would be refined before welding was 
begun. Welding therefore, would exert no grain refining 
effect; its only effect would be to increase the grain size 
close to the weld (see Fig. 54, Part VIII of Vol. I) 


Multi-Layer Welding 


These considerations have a bearing on the grain re 
finement of the preceding weld bead by a succeeding one 
In Fig. 57 (c) small bead 2 has raised a small part of 
bead 1 above the critical thus refining the grain size of 
that region; bead 1 had been allowed to cool to room 
temperature before bead 2 had been deposited. In 
Fig. 57 (d) bead 2 had been deposited soon after bead 1; 
in fact, bead 1 was at 500° C. when bead 2 was deposited 
As a result, more of bead 1 was heated above the critical 
than in Fig. 57 (c). In Fig. 57 (f) bead 2 had been de 
posited nearly at once after bead 1, which had not 
cooled below the critical, say 900" C. The grain size 
of bead 1 therefore was not refined by being reheated 
above the critical. 

We see that thestime between beads affects the extent 
to which the grain size is refined. Depositing beads one 
immediately after the other may result in no grain re 
finement of the weld metal. Allowing previous beads to 
cool to room temperature before depositing the next 
bead will yield less grain refinement than depositing the 
next bead while the preceding bead is hot but below the 
critical. The significance of refining successive weld 
beads as completely as possible is reflected in notch im 
pact value. Tensile valyes are little, if any, affected by 
the degree to which successive beads are refined. High 
degree of grain refinement always is favorable for high 
notch impact value of weld metal, particularly at low 
temperatures. 

Comparing bare with covered electrodes on the basis 
of degree of grain refinement of weld metal, we find that 
bare electrodes usually deposit at lower arc energies 
than covered (amp. X volts; arc voltage is usually 
about 18 for bare, 30-35 for covered); as a result the 
covered electrode produces a wider heat-affected zone 
(region heated to at least the critical) than the bare 
electrodes Furthermore the slag on covered electrode 
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Fig. 57 (a) and (6)—Heat-Affected Zone Is Widened by Preheating 

(c)}—Bead 1 Cooled to Room Temperature Before Becd 2 Was 
Deposited. Only a Small Portion of Bead 1 Was Refined by 
the Heat of Bead 2 

(d)—Bead 1 Was at 500° C. When Bead 2 Was Deposited A 
Large Part of Bead 1 Was Refined by the Heat of Bead 2 

(e)—After Small Bead 1 Had Cooled Below the Critical, Large 
Bead 2 Raised It Completely Above the Critical and Refined 
the Grain 

(f)}—Bead 1 Never Cooled Below the Critical Before Bead 2 Was 
Deposited 
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welds reduces their cooling rate so that they are at a 
higher “‘preheat’’ than beads from bare electrodes when 
the next bead is deposited. In addition the bare elec- 
trode metal generally has lower carbon and manganese 
contents than metal deposited by covered electrodes. 
The higher criticals associated with the lower C and Mn 
contents also favor small heat-affected zones in bare 
electrodes, although the high-nitrogen content of bare 
electrode metal (0.10—-0.15% Ne) offsets the effect some- 
what. Whether the difference in inclusion content be- 
tween the two types of weld metal affects the critical 
range through the nucleating influence of inclusions is 
doubtful. 

It is a rule that the smaller the initial grain size the 
smaller is the grain size after reheating above the critical 
and cooling below it again. Small beads generally 
exhibit smaller dendrites than large beads, because the 
dendrites cannot grow so far in the small beads as in the 
large, and the small bead cools more rapidly, which 
accentuates the nucleating effect of undercooling below 
the equilibrium freezing range. Since the small bead has 
the smaller grains to start with, it will have finer grains 
after being reheated above the critical than the large 
bead. Besides, the heat-affected zone created by the 
second bead will extend to a greater distance through the 
small bead than through the large bead. However, the 
small bead cools more rapidly than the large and may 
not be at so high a ‘“‘preheat’’ when the second bead is de- 
posited. 

It is often desirable in a multilayer weld to eliminate 
all coarse grain structure in the heated base metal. After 
the first six beads in Fig. 58 have been deposited there 
will be coarse grain structure in base metal only close to 
beads 5 and 6, assuming that the successive beads have 
raised the temperature of the coarse zone created by the 
preceding bead above the critical range. If the size of the 
last bead and the temperature of the joint as a whole is 
such that the limit of the zone heated above the critical 
by bead 7 is A-A, the coarse zones from beads 5 and 6 
will not be refined, and the joint will not have the highest 
notch impact value. There will be coarse structure at 
the notch represented by the toe of the weld. There- 
fore, the last bead should be deposited at sufficient energy 
(taking into account ‘preheat,’ the time interval be- 
tween beads 5 and 6 and 7, and the size of bead 7) to 
spread the critical zone to B-B. It is a characteristic of 
customary weld metal related to its low-carbon content 
that it is not so likely to become coarse grained; that is, 
to develop Widmannstatten structure, as customary 
wrought steel. Therefore, the structure of beads 5 and 
6 will not be significantly coarsened by the heavy bead 
7 that may be necessary to create the grain refining effect 
that may be desired. 

In oxygen cutting medium-carbon steels, it may be 
necessary to prevent cracks. Either preheating or post- 
heating is resorted to. Instead of preheating the entire 
plate it is customary simply to precede the cutting 
torch by a preheating flame which preheats the line of the 
cut to the desired extent. The effects of the preheating 
are identical with those discussed earlier in this section. 

When postheating is resorted to, a large, multi-tip 
torch follows directly behind the cutting torch. The 
postheating torch does not affect heating rates in front 
of the cutting torch, which often are inconsequential 
except for tool steels and similar materials. The post- 
heating torch, however, prevents rapid cooling by main- 
taining the cut at a high temperature for some time. 
By increasing the heat input of the operation, postheating 
reduces the cooling rate and, if adequate, prevents hard 
zones—martensite. Any other effect of postheating is 
immaterial. Indeed, there is no essential difference be- 
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Fig. 58 


tween postheat and preheat, provided postheating js 
applied before the part has cooled nearly to room tem. 
perature, in which event martensite may have formed 
with accompanying cracks, which postheating is helpless 
to heal. 


Stress Relief Heat Treatment 


According to “‘Definitions of Welding Terms’’ of the 
AMERICAN WELDING SOcIETY, stress relief heat treat- 
ment is ‘“‘the uniform heating of a structure or portion 
thereof, to a sufficient temperature below the critical 
range, to relieve the major portion of the residual 
stresses, followed by uniform cooling.’ In a footnote 
to the definition the Committee states that terms such 
as ‘annealing’ and ‘“‘normalizing’’ are not substitutes 
for the term “‘stress relief heat treatment.’’ Tempera 
tures for annealing and normalizing are above the critical 
range, whereas temperatures for stress relief heat treat 
ment are below the critical range. To be sure, shrinkage 
or, as they are called, residual stresses due to welding are 
relieved by annealing and normalizing, but these treat 
ments involve changes in grain structure and particularly 
dimensional changes that may be injurious to the part 
Heat treatment within the critical range always is und 
sirable. Consequently, stress relief heat treatment 
performed below the critical range. 

The temperature at which stress relief is performed 
for welded power boilers and unfired pressure vessels 
is prescribed by A. S. M. E. Codes for these products. 

‘“‘Where stress relieving is required it shall be done by 
heating uniformly to at least 1100° F. and up to 1200° F 
or higher, if this can be done without distortion. The 
structure or parts of the structure shall be brought slowly 
up to the specified temperature and held at that tem- 
perature for a period of time proportioned on the basis 
of at least one hour per inch of thickness and shall be 
allowed to cool slowly in a still atmosphere. The stru 
ture shall be stress relieved by any of four methods 


“1. Heating the complete vessel as a unit. 

“2. Heating a complete section of the vessel contain 
ing the parts to be stress relieved before attachment t 
other sections of the vessel. 

**3. If the vessel is stress relieved in sections, stress 
relieving the final girth joints by heating uniformly a cir- 
cumferential band having a minimum width of six times 
the plate thickness on each side of the welded seam in 
such a manner that the entire band shall be brought up 
to the temperature and held for the time specified above 
for stress relieving. 

“4. Nozzles or welded attachments for which stress 
relief is required, may be locally stress relieved by heating 
a circular area around the nozzle attachment provided 
any part of the welded edge thereof is not less than 120 
times plate thickness from the nearest adjacent welded 
joint or other element that would restrict the free expan 
sive movement of the heated area.”’ 


The temperatures commonly used for stress relief heat 
treatment are 1100 to 1250° F., which are below the 
critical range on heating of the plain-carbon and low- 
alloy steels fabricated by welding. For high-alloy steels 


SEPTEMBER 


















































































































































































eg ead, ACS a 


Sadie tas ed 


OO es a ee 


ae ee ee SS ke 


—— se 


— 





ting js 
m tem. 
formed 
el pless 


of the 
treat. 
Ortion 
Titica] 
Sidua] 
tnote 
> Such 
itutes 
1pera- 
ritica] 
treat- 
kage, 
lg are 
treat 

‘larly 

Part 

inde 

nt ts 


rmed 
ssels 
S. 

le by 
~ FR 

The 
ywly 
tem- 
asis 
I be 


ruc 


ain 
t to 


ress 
cir- 
mes 
1 in 
up 
Ove 


'eSS 
ing 
led 
[20 
led 
in- 


al 
he 
w- 
Is, 











such as stainless steels, different temperatures are used 
see Part VII, Vol. II), while welded Monel Metal (67Ni- 
23Cu) structures may be stress relieved at 1150” F. The 
time at temperature in stress relieving plain-carbon steel is 
customarily 1 hour per inch of thickness, although longer 
times are required at 1100° F. than at 1250° F. for the 
same degree of stress relief. Stress relief often is required 
for preheated parts; with complicated structures or with 
steels such as '/2% Mo, 0.2% C, having a pronounced 
tendency toward cracking it is essential that the welded 
part be placed at once in the stress relieving furnace 
without cooling from preheat temperature. 

There are four general effects of stress relief heat treat- 
ment: 


Recovery and relaxation (release of shrinkage 
stresses). 
2. Tempering or drawing (removal of hard zones) 
3. Recrystallization. 
4. Spheroidizing. 


he first effect is universal; the second effect is exerted 
only if hard zones have formed as a result of welding and 
the last two effects have minor significance for welding. 
Under some circumstances stress relieving may have ad 
ditional effects. 

Our welded structures have shrinkage stresses near 
the yield strength whether there was external restraint 
or not during welding (see Part IV, Vol. II). We wish to 
reduce or relieve them to low values, as close to zero as 
possible. Unless the shrinkage stresses are reduced 
nearly to zero, the part is subject to brittle failure owing 
to tensile shrinkage stresses and tensile service stresses 
acting in two or three directions at right angles. Under 
multi-axial tensile stress, particularly shock, we know 
that metal can deform little under stress and fractures in 
a brittle manner at very small deformations. In addi- 
tion, if the welded structure, for example an engine base, 
is machined before stress relief heat treatment, the 
machining operation removes metal under shrinkage 
stress, thus creating re-distribution of stress and causing 
distortion. The machinist cannot be certain that he is 
machining to the correct dimensions unless the part has 
been stress relieved beforehand. 

Besides having shrinkage stresses, the welded part 
may have undergone a little permanent deformation not 
only at high temperatures but at low temperatures as 
well, Fig. 27 (d). Permanent deformation below 850 or 
1000° F. is accompanied by slip lines in the microstruc 
ture. The slip planes represent planes in the grains of 
steel which have moved over each other (see Part V of 
Vol. I). Slip due to permanent deformation at higher 
temperatures occurs in the same way but the slipped 
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Fig. 59—Shrinkage Stresses in a Shrunk-On Tire 


o 
Compressive stress in the wheel, tensile in the tire 
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Fig. 60—Influence of Temperature and Time on Relieving Stress in Boiler 
Steel Through Elongating Beyond the Yield Point at Roorn Temperature 


The steel contained 0.21% C, 1.44% Mn and its mechanical properties were: pro 
portional limit 34 900 Ib /in.*. tensile strenath b n.*; elonastion = 
36.5%, reduction of area 13% Th nternal st s relieved rapidly at 1400° F., 
siowly eat 40 f Hiemke Hliemke states The internal stresses are reduced by 
permanent yielding, caused first by the reduction of y J point at elevated temperature 
and second by creep under prolonged loading at elevated temperature 


planes instantaneously straighten out and lose all trace 
of the curvature involved in slip. 

The welded structure that we are about to stress re 
lieve thus contains shrinkage stresses, tensile and com 
pressive, of all magnitudes up to the yield strength, 
and also has some cold-worked crystals with slip lines. 
Our welded structure is in a condition similar to the 
wheel with shrunk-on tire in Fig. 59, which, in turn, 
resembles a girth weld joining a head to a drum. The 
tangential shrinkage stresses are tensile at the circum 
ference, compressive toward the center. Hard zones 
we shall assume to be absent for the moment 
Recovery 

We now raise the temperature uniformly—uniformly 
in order to keep all parts of the structure as nearly as 
possible at the same temperature at all times to prevent 
thermal stresses, Fig. 27 (@). As the temperature is raised 
through the first 200° C. or so, there is no observable 
change in grain structure, yet the shrinkage stresses 
decrease a little. The decrease is due to a phenomenon 
called recovery. It is a general rule that internal stresses 
in a material decrease when the temperature is raised. 
In many metals, such as tin and lead, internal stresses 
decrease nearly to zero at room temperature, and there 
is evidence that shrinkage stresses in steel may decrease 
slightly at room temperature. The decrease in steel 
at 400° F. is shown in Fig. 60, and cannot be due to a 
decrease in yield strength for it is higher in steel at 400° 
F. than at room temperature. Recovery also causes 
changes in electrical and magnetic properties, suggesting 
that its effect on internal stresses is related to some ob- 
scure movements among the electrons and atoms of the 
steel as its temperature is raised 

However, the release of shrinkage stresses at the lower 
temperatures is not adequate and the temperature must 
be raised still higher. At all temperatures an increase in 
time at temperatures reduces the stress still farther, but 
the major release of shrinkage stresses occurs during the 
first hour. 


Relaxation 


Upon raising the temperature to 1000° F. or higher 
we find that relaxation occurs and shrinkage stresses are 
relieved swiftly and completely, Fig. 60. The change 
during relaxation is shown in Fig. 61. A bar of steel 
is stretched to the yield stress in tension at room tempera- 
ture, Fig. 61 (a) upon welding it into a frame. The 
atoms stretch apart perpendicular to the load and move 
close together parallel to the stress, which indeed is the 
basic meaning of stress—a movement of the atoms to 
positions capable of withstanding load. At 1000° F. the 
short time yield strength is only a fraction of the yield 
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Fig. 61 (a) and (6)—Stress-Relief Heat Treatment Removes Shrinkage 
Stresses by Permitting the Atoms (Open Circles) to Creep Back to Equi- 
distant Positions 


In (a) ‘‘as-welded.” the atoms in the outer arms are compressed together vertically; 
the atoms in the inside arm are drawn apart vertically. That is, the outer arms are in 
compression, the inner arms in tension due to welding. After stress-relief heat treat- 
ment (b) at 1000° F. the atoms are neither pressed together nor drawn apart in any of 
the three arms. The shrinkage stresses have been “relieved” 


strength at room temperature. That is to say, the 
atoms no longer can withstand the stress, and return 
closer and closer to the equidistant positions occupied by 
atoms in a crystal under no stress. The center bar 
shortens, the outer bar lengthens. The dimensional 
changes are slight and the distortions are magnified 
greatly in Fig. 61 (0). 

The stress decreases until the atoms no longer yield. 
While the atoms of steel can withstand stress up to the 
yield value indefinitely at room temperature, at 1000° F. 
the atoms may be able to withstand considerable stress 
without yielding if the stress is applied and the tempera- 
ture is maintained for only a short time. Increasing 
the time, however, causes yield. More precisely stated, 
the atoms move continuously under all stresses. The 
motion is so slow and minute at room temperature as to 
be undetectable after hundreds of years, Fig. 61 (c), but 
at 1000° F. the motion of the atoms is not necessarily of 
the type we have considered, but may involve obscure 
motions at the grain boundaries. Both types of motions 
constitute flow or creep of the metal. 

Relaxation, therefore, is a form of creep. The dis- 
tortions created by relaxation or stress relief in a welded 
structure are difficult to compute, but generally are far 
smaller than the distortions created by machining un- 
stress relieved parts, because in machining we generally 
remove the most highly stressed material. 

How can we favor stress relief? Resistance to relaxa- 


- tion or creep should be low. Fig. 60 shows that the most 


effective method of favoring stress relief is to raise the 
temperature. The extent to which the temperature 
may be raised is governed by permissible distortion due 
to unsupported mass. Furthermore, it is never advis- 
able to raise the temperature into the critical range. In- 
crease in time also favors stress relief. It is a general 
rule that coarse McQuaid-Ehn grain size improves 
resistance to creep above 800° F., but the improvement 
exerts no detectable influence on stress relief at 1100° 
or 1200° F. The higher the initial shrinkage stress, the 
higher is the stress after stress relief at a given tempera 
ture for a given time, owing to the progressive strength 
ening involved in the greater release of strain. The re- 
lease of strain may be looked upon as cold work during 
stress relief, which naturally strengthens the crystals. 
Since nearly all types of welds in a given steel have 
maximum shrinkage stresses near the yield strength, no 
deduction in time of stress relief can be made solely on the 
basis of apparent absence of restraint during welding. 
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Structures that are made of steels designed to have ex. 
ceptional resistance to creep at elevated temperatures 
will relax less rapidly than mild steel. The creep-re. 
sistant steels, for example '/2% Mo, 0.2% C, require 
higher temperature or longer time at temperature for a 
given degree of stress relief than unalloyed steel. 

A second bead relieves the shrinkage stresses in the yp. 
derlying bead, but creates new shrinkage stresses. Con. 
sequently, multi-pass welds have no lower shrinkage 
stresses than single-pass welds and require stress relief 
to the same extent. Besides becoming more complicated 
as the thickness is increased, shrinkage stresses in thicker 
parts require longer time for relief than in thinner parts 
because the surface of the part is the first to reach the 
temperature of the furnace. More time elapses before 
the center of the thick sections reaches furnace tem 
perature than the center of thin sections. 


Recrystallization 


Cold work or permanent deformation below the recrys- 
tallization range breaks each perfect crystal grain into 
a large number of fragments due toslip. These fragments 
change into new grains with undistorted crystal lattices 
when the temperature is raised to the recrystallization 
range. The appearance of the new grain among the old 
grains containing slip lines is known as recrystallization 
(see Part IV of Vol. I). The new grains appear first as 
minute crystals usually at the grain boundaries of the 
cold-worked grains—tecrystallizationhasbegun. Asthe 
temperatureis maintained or increased, the minutecrystals 
grow. Eventually all the old crystals with slip lines have 
been absorbed by the new crystals, which are free from 
slip lines, and recrystallization is complete. 

Recrystallization transforms the distorted fragments 
which are the source of internal stresses, to new, undis 
torted crystals free from internal stress. Recovery, Fig 
62, partly removes shrinkage stresses, recrystallization 
completes their removal. The temperature at which 
recrystallization occurs in a given metal is lowered by 
increasing the time at temperature, and by increasing 
the degree of prior cold work. There is no single recrys 
tallization temperature for a given metal. For iron and 
steel the lowest temperature at which recrystallization 
has been observed is 840° F. 

However, no recrystallization whatever occurs if there 
is inadequate cold work. The cold work caused by the 
shrinkage of parts during cooling after welding generall\ 
is too slight to cause recrystallization during stress 
relief heat treatment. Stress relief occurs, therefore 
through recovery and particularly relaxation, rather 
than through recrystallization. 

Tempering or Drawing 


Raising the temperature of quenched steel to any 
temperature below the critical range is called tempering 


60°F 








| 
200°F 
| 
| Ba 600°F 


| iin . 


Ruderhensibnenensins SS — 
i second TIME 1000 year 
Fig. 61 (c)}—Schematic Diagram (Log-Log Plot) Showing the Decrease in 


Shrinkage Stress with Time at Different Temperatures (Relaxation) 
Assuming No External Load 





SEPTEMBER 








Strength Properties 









































= 

ory 

28 \ | 

IP yw 

$4 g 3 | | 
Bn § | | © 
MeN 
SZ s | 
¢ [Pecovery 

‘ 














Annealing Temperature 


Fig. 62—Schermatic Representation of Recovery, Recrystallization and 
Grain Growth. (Mehl and Sachs) 


or drawing. The heat-affected zone close to welds made 
without preheat or with insufficient preheat in medium 
carbon and many other high-tensile steels cools so rapidly 
as to be quenched. While the quenched zone was above 
its critical range during welding, it consisted of austenite 
containing ten times as much carbon in solid solution as 
is soluble at room temperature. During quenching the 
austenite changes largely to martensite: a crystalline 
form of steel intermediate between face-centered and 
body-centered. The carbon in martensite probably 
exists as tiny crystals of iron carbide (or carbides con- 
taining alloying elements in alloy steels), which are 
believed to account for the great hardness of martensite 
compared with any other state of a steel. 

When the temperature is raised, the zone containing 
martensite undergoes three changes: 


1. Martensite changes to ferrite (body-centered cubic 
crystals) 

2. Any austenite that had not changed to mar- 
tensite during quenching changes to ferrite and 
carbide. 

3. The minute crystals of carbides in the martensite 
and the larger crystals of carbide in other con- 
stituents, such as fine pearlite, increase in size. 


rhe temperatures at which changes | and 2 occur are 
not known precisely. In plain-carbon steels with about 
0.7% C change 1 occurs at 300° F., change 2 at 450° F. 
Appreciable amounts of austenite are retained on quench 
ing plain-carbon steels only if the carbon content is 
0.4% or more. Austenite is retained with lower carbon 
contents if alloying elements are present. The growth 
in size of carbide particles is continuous as the tem- 
perature is raised. Change 3 seems to account for the 
major drop in hardness on tempering. That is, the hard- 
ness of martensitic steel depends on a fine dispersion of 
carbide particles on each crystal plane, which hinder slip 
and thus raise hardness while reducing ductility. Re 
heating coarsens the carbide particles and reduces their 
number, thus reducing the hardness. 

The hardness after tempering or drawing depends 
primarily on the tempering temperature. Time at tem 
perature also is important, Fig. 63. After 1 minute at 
1200° F. the hardness at room temperature drops from 
96 to 27 Rockwell C for the quenched 0.35% C steel. 
After an hour the hardness has dropped to 18 C. The 
reduction in hardness caused by stress-relief heat treat- 
ment of a welded medium-carbon steel containing hard 
zones depends largely on the time of treatment. The 
greatest reduction in hardness as well as in shrinkage 
stresses occurs in the first few minutes. For maximum 
effectiveness, prolonging the treatment is essential 
The hardness after the first few seconds at 1200° F. is 
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nearly the same whether the steel consisted initially of 
martensite, bainite or fine pearlite 
Concurrent with the softening during tempering there 
is a rise in ductility as revealed in the static tensile test 
and a decrease in tensile strength. Notch impact values 
and other measures of toughness, however, often are 
minimum after tempering at 400-700" F. rising to high 
values above 800° F. The reduction in notch toughness 
is attributed to internal stresses created by the expansion 
of retained austenite during its decomposition. Welded 
parts containing hard zones should not be heat treated 
at 400-700° F. The softening of plain-carbon steel is 
continuous as the tempering temperature is raised, be 
cause the main process is the agglomeration and growth 
of carbide particles. When carbide-forming alloying 
elements are added to steel, the steel may become harder 
instead of softer as the tempering temperature is raised 
in some ranges, Fig. 64. The 5% Cr-'/2% Mo steel 
with 0.35% C is harder after tempering at 900° F 
than after tempering at 700° F. The increase is called 
secondary hardness and is due to the formation of minute 
crystals of a second compound after the iron carbide has 
coalesced to a degree no longer very effective as a hard- 
ener, as Bain discovered. The minute crystals of alloy 
carbide form at elevated temperatures which provide 
the necessary opportunity for diffusion. Secondary 
hardness extends its' influence through the alloying 
elements to the temperatures of stress relief heat treat 
ment, as Fig. 64 shows. It is to their hardness as well 
as their creep resistance that is due the extra precautions 
in stress relieving some of the high-alloy steels. 
Tempering is important not only in stress relief heat 
treatment of welded parts containing hard zones, but in 
multi-layer welding of medium-carbon and other strongly 
hardening steels as well. In Fig. 65 (a) bead 1 has 
created a hard zone. Bead 2 likewise has created a hard 
zone by raising the temperature of base metal close to the 
weld above the critical range and allowing it to cool 
rapidly. If the heat in bead 2 is sufficient to raise the 
entire hard zone of bead 1 above 500° F. (but not above 


60 pew —— - —— — - 
. 7 


1 





IPess 


Har 


kwe/| 


—_— 
Rox« 











Fig. 63—The Effect of Time Interval at Four Tempering Temperatures 
on the Softening of Quenched 0.35% Carbon Steel. (Bain) 
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the critical range, of course), the zone will be consider- 
ably softened and will be devoid of martensite and austen- 
ite. Whether its notch impact value will be raised nec- 
essarily is problematical. In general, however, it may 
be said that the tempered hard zone will be considerably 
tougher than the untempered zone. If bead 2 had been 
deposited directly after bead 1, it is possible that bead 
l’s hard zone would have been caught before it had 
formed, so to say. That is, the zone that would have 
become hard on further cooling, would have been pre- 
vented from further cooling by the second bead before 
martensite had begun to form. The hard zone might 
then have consisted of bainite or fine pearlite instead of 
martensite, depending on the precise temperature dis- 
tributions prevailing. Furthermore, the heat from 
bead 1 might have retarded the cooling rates in bead 2 
and so have prevented hard zones near it. Hard zones, 
it will be realized, are within the control of the operator 
to some extent, although he cannot change the composi- 
tion of the base metal. 

In Fig. 65 (6) bead 2 has been deposited after bead 1 
has cooled and is too small to bring the entire hard zone 
of bead 1 above say 200-300° F. Significant tempering 
has failed to occur and the hard zone is there to stay for 
it is too much to expect that later beads can succeed 
where the second has failed. With proper welding, how- 
ever, it is possible to temper the hard zones of every 
bead in a multi-layer weld, Fig. 65 (c). 


Spheroidizing 


Spheroidizing is the process of creating carbides having 
the shape of spheres in the steel. If we start with pearlite, 
we spheroidize by converting the plates of carbides to 
spheres. If we start with martensite or bainite, on the 
other hand, in which the minute carbides are approxi- 
mately spherical initially (although on account of their 
extreme fineness we cannot be certain of their presence, 
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let alone their size), spheroidizing consists simply oj 
coalescing the particles and rendering them visible under 
the microscope. Martensite needles do not spheroidize 

The carbide in the heat-affected zone of welded low 
carbon steel usually is present as pearlite. During stress 
relief heat treatment we observe that the plates become 
less and less angular, the carbide particles becoming 
more nearly spherical, Fig. 66 (a) and (6). The longer 
the time at temperature and the higher the temperature. 
provided the critical range is not exceeded, the larger 
and more nearly spherical the carbides become. Carbon 
appears to dissolve at the edges of a plate of carbide to 
be precipitated again toward its middle. 


The carbide in the hard heat-affected zone of welded 
medium-carbon steel is extremely finely divided, Fig 
66 (c). As the temperature rises during stress relief heat 
treatment, the carbides follow the general law of small 
particles in a metal. Carbon from the smaller particles 
enters solution to precipitate again on the larger. In 
this way a few large spheroidal carbide particles replace 
a crowd of tiny spheroidal ones. Since the coarsely 
spheroidized condition generally is the softest and most 
ductile, the spheroidizing action of stress relief heat treat- 
ment is desirable. 


When the welded part is at 1200° F., steel has appre- 
ciable solubility for several elements, particularly nitro- 
gen. If the part is slowly cooled from the stress-re- 
lieving temperature there is opportunity for complete 
precipitation of these elements. With rapid cooling, 
on the other hand, nitrogen is retained in supersaturated 
solution at room temperature and the steel may have low 
ductility. Weld metal with high-nitrogen content, such 
as bare electrode deposits, is particularly subject to em- 
brittlement on rapid cooling from the temperature of 
stress relief heat treatment. .Rapid cooling after stress 
relieving is undesirable in any event to avoid shrinkage 
stresses due to the non-unfform distribution of tempera- 
ture in any rapidly cooled object. 

The spheroidizing of the carbide near a welded joint 
is a process that begins while the weld is being made, 
Fig. 67. The pearlite in the zone that is heated short 
of the critical range is more or less spheroidized depend- 
ing on the length of time it has remained close to the lower 
temperature of the critical range. Once the pearlite is 
heated into the critical range the carbide in the pearlite 
dissolves in the austenite. In very rapid welding proc- 
esses, such as spot welding, the carbide may not remain 
in the critical range sufficiently long to dissolve com- 
pletely in the austenite. Some spheroids may be ob 











Fig. 65—Tempering of Hard Zones by Heat from a Later Bead 
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+ therefore, even in the zone that has been heated 
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to the critical range. During stress relief heat treat 


“ at the spheroidization begun during welding is ex 
tended to the steel throughout the welded part. All 
nearlite being spheroidized to some extent by stress re 
lie ‘ heat treatment, the outline of the heat-affected zone 


the macrostructure of a stress-relieved weld is far less 
sharp than in the macrostructure before heat treatment 
nlike preheating, however, stress relief heat treat 
ment has no effect on the width of the heat-affected 
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Although local stress relief has the same effect in soit 

ening hard zones as placing the entire structure in the 
furnace, it may not always reduce shrinkage stresses. 
Local stress relief is commonly used for high-pressure 
piping. Raising the temperature ol the joint to 1200° C. 
replaces the non-uniformly distributed shrinkage stresses 
in the immediate vicinity of the weld by more uniformly 
distributed reaction stresses. Itis important that the def- 
ormation necessitated during cooling by the wide heat- 
treated zone be absorbed without causing cracks or en 

dangering supports. In most structures the severe 
shrinkage strains involved in local stress relief preclude 
its use. Instead of relieving stresses, the cycle of local 
heating and cooling often intensifies them. Local stress 
relief or local heat treatment of any kind is disastrous 
for austenitic steels of the 18-8 type because there is al- 
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Fig. 66 

J (2) Pearlitic low-carbon steel before stress relief heat treatment 
» (b) During stress relief heat treatment of the structure in (a) the plat ' cementite 
tend to spheroidiz« 

(c) Needles of martensite in austenite, showing hypothetical spheroid i cardice in 
the needles 

(d) During stress relief heat treatment of the structure in (c spheroidal Cervide per 
ticles tena to grow 

In these drawings the dearee o spheroidization is exaaaerated The usual stres 
elief heat treatment does little more than round off th orners of tt mentite plat 
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Fig. 67—Sketch Showing the Zone in Whi 
dized in the Welding of Mild Stee 


ways a zone near the locally heated area that enters the 
temperature range for dangerous carbide precipitation 

Annealing and normalizing seldom are applied to 
welded parts. The high temperatures involved by these 
heat treatments would cause distortion in 
almost any welded part despite extensive systems of 
support in the furnace. An exception is the local an- 
nealing of welded rail joints. The annealing of welds in 
high-carbon steels, such as rails, shoul 
that there is little or no decrease in carbon content at 
the surface, called decarburization. The carbon is re 
moved from the surface by free oxygen, carbon dioxide, 
or steam in the heat-treating atmosphere, and is guarded 
against by maintaining low free oxygen content by suit 
able adjustments. Decarburization is inappreciable at 
the temperatures of stress relief heat treatmen 
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d be so conducted 


Questions 

l. How does preheating (a) retard cooling 
6) prevent cracks? (c) affeet the fluidity of weld metal? 
d) deepen the heat-affected zone 

2. Why cannot local preheating 
tuted for total preheating? 

3. Describe the structure of the heat-affected zone of 
mild steel and of 18-8 after stress relief heat treatment. 

4. Assuming that all three arms of the frame in 
Fig. 6l(a@) and (6) have the same cross-sectional area, 
draw stress—temperature and deformation—temperature 
charts for both compression and tension arms with 
out preheat, (6) with local preheat to 600° C., and (c) 
with total preheat. Will dry ice applied to the compres 
sion arms tend to render preheat unnecessary 
5. What occurs during recovery during recrystalli- 
zation’ 


rates? 


always be substi 


6. Why does local stress relief sometimes widen the 
zone subjected to high shrinkage stresses 

r @ Does stress relief heat treatment make preheat 
ing unnecessary Explain 
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Some Notes on the Practical Application 
of Seam Welding 


By E. A. 


EFORE entering into any discussion regarding 

the various types of seam welding, its applica- 

tion, requirements, etc., it is first necessary that a 
clear understanding is had of just what is meant by 
the term ‘‘Seam Welding’’ as used in the resistance 
welding field. The official definition adopted by the 
Resistance Welder Manufacturers’ Association, the 
A. I. E. E., and approved as American Standard by 
the American Standards Association in 1933, reads, “‘A 
resistance welding process wherein the weld is made 
lineally between two contact rollers or a contact roller 
and a contact bar.’’ However, in general, a weld is not 
considered a true resistance seam weld unless the pieces 
to be welded are lapped. Therefore, except where 
otherwise specified, all the subject matter of this article 
pertains only to welds wherein the two sheets are lapped. 
Furthermore, unless otherwise stated, all the subject 
matter applies only to mild steel, such as automobile 
stock 


Continuous Seam Without an Interrupter 


The simplest form of seam weld is made by passing 
current directly through the lapped edges of the sheet 
while running the sheet between the wheels. This proc- 
ess is very successful on relatively thin gages of mild 
steel. It is found economically practical to use this proc- 
ess on gages up to 18 gage, when 60-cycle alternating 
current is used. With 28 gage, speeds as high as 40 ft. 
per minute are quite practical from the point of view of 
quality of weld, and with 18 gage, speeds of 20 ft. per 
minute are satisfactory. The weld obtained consists of 
a series of overlapping spots, each spot of one-half cycle 
of the line frequency. 

On the standard seam-welding machines, difficulty is 
encountered in going beyond 18 gage, since, when 
enough current is used to properly weld the material, ex- 
cessive surface temperature and wheel pick-up cause an 
unsatisfactory surface. This difficulty can probably be 
overcome by using larger diameter wheels with wider 
surfaces and higher welding pressures; these factors 
continually increase as the gage of the sheet increases. 
For a majority of production operations, however, this 
is impractical since the parts being handled are rela- 
tively small and cannot be handled at the higher speeds 
and on the larger equipment. 


Continuous Seam Welding with an Interrupter 


It has been found that the difficulty can be overcome 
by systematically interrupting the current, thereby 


* Vice-President in Charge of Engineering, The Taylor-Winfield Corp. 
Warren, Ohio 


Mallett * 


making what is substantially a row of overlapping spot 
welds, each spot of which may be a number of cycles j; 
length. This immediately permits running at lower 
speeds with heavy gage material. For example, on a 
standard seam welder used for fabricating metal parts, 
8 gage mild steel may be readily welded at 3 ft. per 
minute. The common means used for turning the cur. 
rent on and off are electronic seam-welding controls 


Mash Seam Welding 


Where it is desired to obtain a weld in which the thick 
ness through the weld is a minimum, this is accomplished 
by lapping the sheets very slightly and holding them 
firmly by means of external clamps or their equivalent 
and welding between two broad faced wheels. This 
forges the edges together, resulting in a weld which is 
approximately 25°) greater in thickness than the original 
sheet. The process is carried out without the use of ar 
interrupter, and is not considered practical for applica 
tion to sheets heavier than 14 gage. 


Intermittent Seam Welding 


For many practical applications it is not necessary 
that the seam be water or gas tight. In this case it may 
consist of a series of spot welds with a gap between them 
When these welds are made on a seam welder by run 
ning the sheet between the wheels, the process is gener 
ally referred to as intermittent seam welding. 


General Conditions Necessary for Good Welding 


In order to obtain satisfactory seam welds, there are 
several important factors regarding the condition of the 
material and the geometry of the parts to be welded 
which must receive careful attention. As far as sur 
face condition is concerned, clean surfaces are a vital 
necessity. Cold-rolled steel, hot-rolled pickled or su 
faces which have been shot blasted, are very satisfac 
tory and permit extremely clean and uniform welds 
Hot-rolled steel with the mill scale in place is decidedly 
unsatisfactory and such material cannot be successfully 
seam welded. Any form of rust or surface oxides also 
prevent successful seam welding. Oils used to prevent 
rusting on stored sheets are not harmful and have no ef 
fect whatever. Some types of protective coatings do 
not seriously interfere but each one should be considered 
as a special case and carefully investigated before being 
used. Coated finish such as galvanized and terne plate 
are entirely satisfactory for seam welding, details of 
which will be discussed further on. 
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\s far as geometry is concerned, the main considera- 
n is that the parts be well formed and fitted before be 


ing put in the welding machine. The welder is, as the 
name implies, a machine for joining the metals. It is 
not a forging or c iid-forming machine and it should not 


be expected to perform the joint function of forming and 
welding simultaneously. Where flanges are to be 
‘oined, they should be at least */5 in. in width, or six 
times the gage thickness, whichever is greater. Where 
longitudinal seams on cylindrical members are to be 
made, it is well to spot tack the edges together before 
seam welding. In special cases of high production 
equipment, the seam welder may be equipped with 
special holding fixtures. 


Selection of Proper Type of Welding for Various 
Applications 


[here are, of course, many factors which enter into 
the determination of the proper type of weld to be used 
on any given product. The first thing to be considered 
is whether a gas or liquid-tight job is required. If not, 
we can immediately conclude that either continuous, 
with or without an interrupter, or intermittent seam 
welding will be satisfactory. If it must be gas tight, in 
termittent welding cannot be used. The next factors 
to be considered are the production requirements and 
the welding speed at which the part can be readily 
handled. These two factors are, of course, closely re 
lated since with high production requirements, parts 
would be handled automatically, therefore permitting 
higher speeds than if the operator were called upon to 
guide the parts through the machine by hand. Having 
determined the maximum practical welding speed from 
point of view of handling, this factor and the gage will 
then determine whether or not an interrupted control is 
necessary. Limitations in available power system may 
also make it necessary to reduce the speed 


Type of Machine to Be Used 


There are many different types of special seam-weld 
ing machines available. There are three standard 
classifications referred to by their relative size, as light, 
medium and heavy. Light machines are rated from 50 
to 75 kva. with maximum pressure of 1000 Ib. and maxi 
mum wheel diameter 7 in. Medium machines ar 
rated from 100 to 200 kva. and have a maximum pres 
sure of 2250 Ib. and wheel diameter 8 in. Heavy seam 
welders are rated from 250 to 400 kva, maximum pres 
sure $800 Ib. and maximum wheel diameter 10 in. 

In any one of the three sizes of machines there are 
three general types, one of which is known as the cit 
cular seam welder, in which the plane of the wheels is 
parallel to the face of the machine. The next type is 
the longitudinal seam welder where the plane of the 
wheels is perpendicular to the face of the machine. 
The third type is the universal machine in which the 
head is constructed in such a manner that it may be 
rotated. Also, the lower arms are mounted in sockets 
to permit changing from circular to longitudinal posi 
tion, and vice versa. 

There are two types of drive systems for the welding 
wheels, the simpler form being the gear drive in which 
case either the lower or the upper wheel may be driven, 
the remaining wheel idling. The other type of drive 
generally referred to as friction drive consists of a steel 
driving roll running against the surface of the welding 
wheel itself. With this type of drive either the upper, 
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the lower or both wheels may be driven. Wherever 
possible, the double friction drive should be used, since 
by driving both wheels from their periphery, uniform 
surface speed of the welding wheels is insured regardless 
of their diameter, thereby eliminating any possibility of 
slippage between the wheels and the sheet being welded, 
which would cause a non-uniform weld. In addition to 
driving, the steel rolls also maintain a uniform surface 
on the welding wheel, thereby eliminating the necessity 
for frequent dressing 

This gives a general idea of the types of 
available. It is impossible to discuss here, however, the 
relative merits of all the various types of 
Each application should be considered on 


machines 


machines 
its own merits 


General Requirements for a Good Welding Machine 


Regardless of the particular type of machine which ts 
selected, there are several design features which are es 
sential for good seam-welding results These features 
are incorporated into the design of all seam welders of 
reputable manufacture. They are pointed out here 
merely as a matter of information 


1. The upper head or moving system should be 
guided in accurately machined ways (either a quill or 
slide) of sufficient length to prevent binding under the 
welding pressure 

2. The moving system should be designed to be as 
light as possible without sacrificing strength, rigidity or 
current-carrying capacity of the bearing Unnecessary 


weight is considered poor design 

3. Means should be provided to 
position of the welding head so that 
stroke may be maintained as the wh 
eter due to wear ; 

t+. Bearings should be made of proper materials and 
with sufficient surface contact to carry the welding cur 
rent without seizing and without excessive heating 

5 The current-carrying parts should be of proper de 
sign to carry the welding current without overheating 
It is well to note here that the section of « it the 
determining factor. Adequate water cooling is very 
essential. A small total section of c properly dis 
tributed and with adequate water pockets will carry a 
much heavier current than many times the cr 
of copper without proper water cooli 

Any welding machine providing the above 


adjust the upper 
a small operating 
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tal features and having the proper geometry to handle 
the work in mind, and also, of course, having the neces 
sary electrical requirements in the way of available weld 
ing current, will make good quality seam weld 
Electrical Requirement: 
All the discussion up to this point has referred pri 
marily to the mechanical consideratio: f seam weld 


ing. The electrical requirement is rather an involved 


subject sinve the actual current for welding depend 
numerous variables such as speed, type and gage of ma 
terial, spots per inch, pressure, and when interrupter is 
used, relative on and off time, wheel diameter and wheel 
width In order to obtain sufficient fundamental data 
to intelligently determine what weldi chedule to use 
under given conditions to obtain first-cla welds and 
thereby be able to select a machine wit] TY er ele 
trical characteristics, considerable experimental worl 
has been carried out, the results of which are given here 
The available equipment imposed me limitations 
others were arbitrarily imposed as being practical limit: 
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The following brief discussion of the variables involved 
will lead toward a better understanding of the tabu- 
lated data. 

Material.—In all cases two pieces of clean annealed 
pickled sheet stock free from rust, scale, dirt or grease 
were used. Welds were made in the middle of strips 
about 2 in. wide and 12 in. long. This avoided the 
possibility of a heat unbalance due to welding near the 
edge of a strip. It also results in all welding current 
being on the conservative side as it usually takes a little 
less current to weld at the edge of a plate than at an ap- 
preciable distance from the edge due to the fact that 
there is not as much heat conducted away from the weld 
by adjacent material. 

The strips were of commercial flatness and required no 
deforming by welding pressure in order to bring them 
into intimate contact. 

Spots per Inch of Weld.—Inspection of the tabulated 
data indicates that spots per inch are limited to an ap- 
proximate range of 8 to 12 with the fewer of spots per 
inch for the heavier gages and the greater number of 
spots for the lighter gages. Data taken using no inter- 
ruptions will vary somewhat in spots per inch from the 
above figures. These values were selected because ex- 
perience has indicated that for the average application 
this range of spots per inch will produce a gastight weld 
if other variables are properly adjusted. The exact 
selection of the spots per inch used within the above 
range depends upon the speed of welding, frequency of 
power supply and timing schedules available from the 
timing equipment. 

Welding Speeds.—These results cover only speeds 
ranging from 2 to 12 ft. per minute for interrupted weld- 
ing. Higher speeds are used for continuous seams with- 
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out an interrupter. It is not meant to imply that either 
higher or lower speeds cannot be obtained in a practical 
manner, but that the above range covers the most com- 
monly met applications. 

In the majority of commercial applications it is the 
difficulty of manually operating the machine and guid- 
ing the work which limits the speed. 

If we assume no timer is used on a power supply of 60 
cycle frequency, the maximum speed which can be used 
to obtain 10 spots per inch is 60 ft. per minute. This is 
rather high for small parts although a number of installa- 
tions weld tin can stock in the range of 0.015 in. thick 
ness at a speed of 30 ft. per minute. 

Speeds jump by a ratio of 4 to 1 when the use of in- 
terruptions is eliminated. For example, compare || 
spots per inch with a time schedule of 1 ‘‘on’’ and | 
“off” giving 15 ft. per minute with the 60 ft. per minute 
mentioned above obtained without a timer. Avoidance 
of this excessive speed or the avoidance of the burning 
of the material by the use of lower speeds and the result- 
ing increase of spots per inch generally forces the use of 
an interrupter. 

Timing Schedules.—Figure 1 shows the timing com- 
binations obtainable with 60-cycle power frequency and 
the two commercially available full electronic controls. 
For a given number of spots per inch and welding speed 
in inches per minute we intercept a curve of spots per 
minute or total time curve. This total time is the sum 
of the “on” time and “‘off’’ time. For example, if w« 
wish to use 10 spots per inch and 72 in. per minute 
welding speed, we may make 720 spots per minute in 
any of several timing combinations. These combina- 
tions are 1 cycle on and 4 cycles off, 2 cycles on and 3 
cycles off, 3 cycles on and 2 cycles off, 4 cycles on and | 
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le off, each combination having 5 cycles as the sum 
f on and off time. 
It ‘s our recommendation that when welding soft 
r in the range of the tabulated speed and gages, the 
r ‘off’? time never exceeds twice the other, and 
‘1 a majority of cases best results are obtained with 
. n and off time. For example, 2 on and 3 off, or 
1 2 off, is a much better combination than 1 on 
and 4 off, or 4 on and 1 off. This rule of thumb does 
t hold if dealing with coated soft steels such as gal 
{ steel, galvaneal, terne plate, etc., or special 


Full electronic timing equipment should be used 
The more obvious and well-known reasons are that 
mechanical interrupters have excessive maintenance and 
definite speed limitations as well as inaccurate periods 
f ‘on’ and “off’’ time. Another important factor is 
the synchronous starting of electronic controls. 

Welding Pressure.—The term ‘‘welding pressure’’ is a 
very ambiguous and misused phrase. Basically speak- 
ing, “welding pressure’ as generally used should be 
called ‘“‘static welding pressure’ because that is the way 
it is measured. This pressure, as almost universally 
measured, consists of measuring the effort of an air or 
hydraulic medium in pounds per square inch on a piston 
of known area or the effort of a spring and then adding to 
this figure the component of the weight of the moving 
parts which increase the effective pressure. In the case 
of equipment where varying pressure is obtained by 
varying weights, the static welding pressure consists 
entirely of the weight of moving parts. 

The pressure which actually does the welding and on 
which instantaneous values, the success of welding de- 
pends, can be truly designated as the ‘‘dynamic welding 
pressure." No commercial means are available for 
measuring this pressure at the present time. 
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Dynamic welding pressures are governed by five fac 
tors 


lhe pressure medium, i.e., air, hydraulic, spring 

2. Inertia, i.e., total weight and distribution of 
weight of moving parts of the pressure system 

4. Friction in pressure system 

1. Strength under compression at various tempera 


tures of the material being welded 
a) Reaction on the pressure system by the “motor 
action or jump" of the current-carrying 


members during weld 


It is indeed fortunate for industry that soft steel with 
its wide plastic range can be welded with so many com 
binations of variables that for most practical purposes 
measurements of static welding pressur¢ 
yardstick for dynamic welding pressure. Greater ac 
curacy of measurement and attention to design detail is 
necessary when welding metals with a narrow plastic 
range. Almost everyone in the profession of resistance 
welding has experienced the impossibility of obtaining 
satisfactory welds using certain materials and schedules 
until the inertia and/or friction of the 
had been materially reduced 

As far as this article is concerned, the static pressures 
measured and recorded may be readily reproduced on 
commercial machines now available Because of the 
necessity of using current carrying bearings and bands 
of standard size and weight, it is difficult to keep inertia 
to a low figure on seam welders. Static welding pres 
sures recorded in this article include a weight of moving 
parts of approximately 280 lb. The pressures recorded 
are of sufficient value to weld two pieces of flat strip to 
gether. If the material is warped or poor assembly 
fits require a certain amount,of pre-forming before weld 
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ing, these pressures must be added to the recorded weld 
ing pressures. ‘ 

Welding Current.—Inspection of data and charts in 
cluded in this article pertaining to the welding of the 
various gages of material will indicate that no reference 
is made to kva., kw., primary voltage or primary cur 
rent as such. These terms have no place in the record 
ing of values of the different variables necessary to the 
welding of the material. They do pertain to the field 
of design of welders, welder characteristics or power de- 
mand but the use of them as a necessary or pertinent fac 
tor in the application data of the weld itself is evidence 
of a misunderstanding of the facts. While the formula 
[*R1 represents the heat created, a factor K must be 
added to indicate the variation of heat required, as ther 
mal conditions change, such as the addition of more 
cooling water. Given a selected timing schedule, ther 
mal condition and resistance of material, the remaining 
factor J of the formula /*R7K is the welding or secondary 
current 

Seam Welding Wheels.-All the welding covered by 
this article was done using R. W. M. A. Class 2 alloy 
wheels made of a copper alloy of the heat-treated pre 
cipitation hardening type. Typical characteristics of 
this class of alloys are shown by the particular specifica 
tions following: 


( 


Electrical conductivity in ©“; of copper. 75 
Hardness, Rockwell B. . . eee 
Proportional limit, Ib. per sq. in... . . . 36,000 
Pensile strength, Ib. per sq. in. — 55,000 
Elongation, “;. .. . 


The faces in contact with the work were of the widths 
indicated by the tabulated data. These faces had a 
very slight crown with rounded corners. The wheels 
were driven by friction rolls which served the additional 
important function of maintaining a proper and consist 
ent wheel contact face, width and shape. The wheel 
diameters are indicated in tabulated data 

As heavier gages of steel are welded using heavier 
pressures and higher currents, the face widths of the 
wheels must of necessity be increased to avoid excessive 
unit pressure and excessive unit current density. 

The rate of wheel wear is determined by pressure used, 
surface condition and analysis of the material being 
welded, wheel temperature as determined by values of 
welding current and amounts of cooling water, abrasion 
of work and drive rolls, and the material used for wheels. 

Cooling Water.—-During all welding, in obtaining data 
as recorded by this article, four jets of cooling water 
were used. One jet was located on each side of each 
wheel and directed at the point of weld. The water 
from the two jets on top of the work cooled the work 
more effectively than the two jets beneath the work. 
his is due to the effect of gravity assisting the coverage 
by water on the top of the work and is readily seen by 
the variation in discoloration of the top and bottom 
surfaces of the weld. An abundance of cooling water 
should always be used whenever possible in the interests 
of work quality and wheel wear. 

Weld Width.—-Examination of weld widths indicate 
that the width of the weld at a point on the center line 
between the two pieces welded ranges from 1'/: to 3 
times the thickness of one piece of the gage being welded. 

lhe higher ratio of weld width to plate thickness occurs 
when welding the thinner gages and this ratio decreases 
as the material increases in thickness. The limit of 
commercially practical minimum wheel face width is 
approximately '/s to */i in. because of excessive wheel 
wear. This explains the high ratio for the thinner 
gages. The weld width is always slightly less than the 
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face width when commercially practical welding scheq 4 
ules are used. An estimate of weld widths being 9 q 
of wheel width is approximately correct. 3 





Table | - 

Speed, Second Total Weld Wheel Wid: a 

In ary Pressure, Width, [1 3 

Gage Min Amperes Lb In Top |} 3 

24 (0.024) 392 13,900 600 i 4 

29 (0.029) 392 14,700 BOO ! 

20 (0.088) 392 17,900 600 : 

19 (0.044) 300 19,000 SOO ; 

18 (0.048) 220 20,400 1200 £ 
16 (0.062) 220 22 OOO 1400 


Wheel diameters approximately 8 in 


anal A aet.0 « 

















TABIE 2 rs L Thi 
TIMING — ‘ < 
MATERIAL Spots Welding SCHED. = 
THICKNESS Per Speed Cycles Press, ; 
“0Gae Inches Inch In/Min. On Off Pound 
22 0.031 12.5 48 = 600 5 
22 0.031 12.5 4.8 e & 60¢ ; 
#22 0.031 12.5 48 3 3 600 
22 0,031 «1265 ~—Stés«éWY BS L 2 600 
22 0.031 12.5 48 5 1 60 
22 0.031 12.5 96 a é 
#22 0.031 12.5 56 2 3 600 
22 0.031 1265 hy i” 600 
i 
20 0.039 12.5 48 1 , gee 6 
20 0.049 12.5 L8 es & 14, 000 6 
#20 0.039 12.5 48 3 3 12,300 60 
20 0.039 1245 48 £ 2 117500 60 
20 0.039 12. 48 5 1 10,9 zs: N' 
20 0.039 2.5 96 Te 19,600 6 1 
#20 0.039 12.5 6 2 3 15,000 60 H 
#20 0.039 12.5 1 2 20,200 60 
18 0.049 12.5 36 ar 16,500 i 
18 0.049 12.5 36 ae 14,206 : 
#18 0.049 12.5 36 Lh 13,000 
18 0.049 12.5 36 ? 5 12,200 7 
18 0.049 12.5 36 Da 11,700 750 
18 0.0459 12.5 36 7 1 11,h00 7 ] 
#18 0.049 12.5 oa a 17,600 7 
18 0.049 2.5 72 og 15,000 7 
#18 0.049 11.1 108 2 1 19,000 7 
16 0.062 12.5 36 e 20,200 7 ; 
16 0.062 12.5 36 3 y 17,400 7 
#16 0.062 12.5 56 h 15,400 7 
1¢ 0.062 12.5 36 5 3 14,000 7 
1¢ 0.062 12.5 36 é 2 13,100 7 
16 0.062 12.5 36 i 12,700 7 
#16 0.062 12.5 72 a 20,700 4 
16 0.062 12.5 72 3 1 17,100 j 
#16 6.062 12.2 108 2 l 21,400 
1 0.078 12.5 2h 3 2 19,600 900 A 
uy 0.078 12.5 2h 4 17,800 900 4 
uy 0.078 12,5 ran . 16,300 900 
“14 0.078 12,5 2h, 6 66 1 +200 900 | | 
20 12. 2h, - & ,200 900 
Wy eet: 1222 2h 6 f 137600 300 : 
14 0.078 12.5 2 9 3 13,300 900 j 
uy 0.078 9.4 ? 5 20;f,00 900 
#u 0.078 po 43 uh & 18,600 901 : 
1 0.078 Fol 4.8 5 § 17,100 90 ; 
ly, 0.078 9 ol 48 ae. 15,800 900 
#1) 0.078 12.5 72 c/s 21,300 900 ; 
12 0.109 12.5 2h u 8 21,30 
12 0.109 12.5 21 , 7 19,20 
#12 0.109 12.5 2h i € 17,4 
12 0.109 12.5 2h, ?) a 16,2 
12 0.109 12.5 2h 6 | 15,3 
2 0.109 8.3 L.6 4 c, 21,591 
#1 0.109 8,3 48 5 | 20,00 
12 0.109 6.3 L8 é 3, 18,1 J 
#12 0.109 12.5 72 hk 2 22, 7 
a 0.229 12.5 ait 4 8 25300 200 
1 01251265 2 5 2,700 120 
#11 0.125 12.5 2h 6 6 30° 600 120 
ll 0.125 1265 2h 7 5 19,200 1200 
11 0.125 1245 2k, 6 18,000 1200 
11 0.125 8.3 48 s § 26,600 120 
11 0.125 8.3 48 5 | 23,200 1200 
11 0.125 8.3 4,8 6 2 21,400 1200 
11 0.125 12.5 72 x 2 27,300 1200 
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llowing tabulations are the data for continuous 
for clean mild steel without an interrupter at 


I 


imum practical speeds 


it 


ne of these gages can be satisfactorily welded 
nuously at lower speeds than those shown, in which 
current will, of course, be lower. 


first-class welds in mild steel, we would recom 
| welding without an interrupter up to and including 
or The heavier gages shown above can be welded, 
er, but surface appearance is not as good as when 
terrupter is used, and we recommend that for best 
Its it terrupted welding should be used 

ble 2 shows conditions for welding various gages of 
steel at various speeds when an interrupter is used 
he set-ups marked with an asterisk are recommended 
s be set-ups which give excellent welding results 
However, all the schedules give gastight welds and vari 
special applications may make some other combina 

than that marked with the asterisk desirablk 
For speeds not shown, it is believed that estimates of 


required current can be readily made from the figure 
which are given. 
In selecting a seam welder capable of making a given 
veld, the mechanical and welding speed considerations 
ive been previously discussed. 


From the electrical point of view, it is only necessary 

it the machine be capable of supplying the necessary 
welding current at the duty cycle without 
ny of the component parts of the machine overheating 
However, the requirements to fulfil these conditions are 


iffected by several factors making it difficult to lay down 


necessary 


Arc Welding Saves Michigan 
Gravel Company $12,114 
Maintenance Costs Each 
Year’ 


N AVERAGE of $12,114 is saved each year by 
the Construction Aggregate Company of Ferrys 
burg, Michigan, by repairing their three Link 

Belt cranes by electric arc welding These cranes dug 
more than one million tons of gravel last year At the 


end of each operating season these machines are stripped 
to the frame and the parts inspected and repaired. Be 
low is a cost comparison chart kept by the Master 


Mechanic and the Welding Supervisor illustrating the 


enormous savings to the company from arc-welding 
repairs 
Welding 
al 
Part Cos Machining Savi 

lraveling ring gear $ 6K $15 $ 400 
8 Stub-axles at $111 SSS 2 OHSS 
2 Drive axles at $15 mie ‘ 4) 

lake-up axle at $300 00) f 240 


Wheels at $75 > 5) 100 REN 


2 Drive sprockets at 


$125 > _ Mu) 


~ Take-up sprockets at $15 300 ’ 20 
lr iveling lugs at $20 WH) R 
\ ter pin 27 -. , 
Head pin 2 

peven pin ( nall accessories 200) . is 








a single rule by which required upacity may 
be determined 

For exampl lutv cycle is determi 1 not only by 
the “‘on’’ and time of the actual weld but ts also 
affected by the time it takes to load and unload the ma 
chine Another factor which has a very appreciable 
effect on the permissible loadings t tl machine is the 
averaging period over which the dut cle 1s dete 
mined For example, tests have shown that it takes 
ibout four hours for a seam welder to reach its maximum 
temperature rise at full load due to the great ma it the 
current-carrying parts Therefore, a machine may be 
loaded considerably beyond its rated capacity and run 
it this increased load for possibly a full ur without ex 
cessive heating, and at the end of tl nly a compara 
tively short time without the power on, will bring the 
welder back to its ambient temperatur: 

hese tactors must all be taken into account mak 

yr seam welder recommendatio1 that the recom 
mended machine will fulfil all the « me! f lire 
ments and yet not be heavier and more expt thar 
necessary 

\s tar as be g able t btat rrenit 

neerned, this is primarily determined by the ved 
ance of the secondary circuit with the work 1 e; it 
nly being necessary to have su ltage t LUIS 
required current to flow through this impedance he 
impedance is affected by the tl t d ind a 
clearance of the machine and al yy the work which 
the throat of the machin Chi { irse, has a ver 
appreciable effect and an idea 1 it ma tude may 


obtained from the curve, Fis 





Mr. Barrett, Welding Super f We have 
proved by actual experience that the wearit life 
these welded parts averags 0) longer wear thar 
new part For repair of the thre Belt cranes we 
used approximately 2'/, tor [ welding rod Phese 
figures are based on winter repair and d t lude the 
savings on breakages and repair luru ctual oper 
tion 





The Training of Welding Operators 


By T. B. Jefferson’ 


HE training of welding operators is a subject that 

can be discussed with many points of view. The 

welding industry's problem of supplying our de- 
fense contractors with trained, competent welders is 
equally as important as the problem of supplying these 
same defense contractors with welding equipment or 
efficient welded designs. In fact, welding equipment and 
designs will be of little value if a shortage of skilled 
welders should develop in the near future. 

This Society has long been aware of these training 
problems and the subject of training welding operators 
has been discussed frequently at the Society’s national 
meeting. Usually, however, these papers have been pre- 
sented by educators or operators of welding schools, 
consequently the story naturally has been presented 
from the educator's point of view. 

Today I hope to cover the subject of the training of 
welding operators from a slightly different angle—the 
employer's angle. The opinions to be expressed are 
based upon my actual experiences, first, as an employer 
of several hundred welders and, more recently as an 
observer of the happenings in welding schools and the 
welding industry, as the editor of The Welding Engineer. 

The importance of the welder in the time of national 
defense has been established by the fact that over a year 
ago England excused welders over 21 years of age from 
military service. In this country we find that in every 
industrial plant engaged in defense production involving 
metal working there is to some extent the use of welding 
and cutting and employment of persons skilled in these 
crafts. The result has been that an intensive training 
program has been undertaken under government and 
private sponsorship to insure a further supply of skilled 
welders. 

It is only natural in such a speeded-up program, for 
many false starts to be made. Welding training courses 
are started without serious thought as to requirement or 
consequences. It should be remembered that in every 
program for the training of welding operators, whether it 
is in connection with the training plan of a welding school 
for training hundreds of welders or an industrial plant 
training one welder, the program is confronted with 
three problems. These three problems evolve themselves 
into the three principal points affecting the success of 
every training program. They are: 

1. The student. 

2. The teacher. 

3. The equipment. 


The Student 


So that our thoughts might follow a definite line, let us 
consider operator training, first from the student angle. 
As plant managers and executives you are looking for 
welders. These welders may be experienced men, 
thoroughly trained in welding; or perhaps your com 
* Presented at Western Metals Congress, AMERICAN WELDING Soctety, Bilt 
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pany is inaugurating its own training program and will 
train welding students to suit the needs of the plant. Ip 
either case your ultimate welder will have received train 
ing of some nature before being classified as a welder 
In the event you elect to train your welding personne] 
what kind of a man are you going to select as a student? 

I believe you will all agree that great care should by 
taken in the selection of the welding student. Too often 
an applicant is admitted to a welding course without any 
thought being given as to whether he is likely to become 
a satisfactory welder. Part of this laxity may be con- 
tributed to the principles upon which some welding 
schools have been founded—the principles of operating 
a school for the money that is to be obtained from the 
students rather than for a fair profit while dispensing the 
knowledge the student is obtaining from the school. It 
is fortunate for both the student and the industry, that a 
majority of the country’s welding schools are operated 
with their first thoughts directed toward the student's 
welfare. 

To avoid the risk of stepping on someone’s toes, let 
us assume that we are interested primarily in a training 
plan for an industrial plant. In this event it is vital t 
the company’s interests that due consideration be given 
the type of individual which is selected for welder train 
ing so that only those candidates who are most likely to 
succeed will be selected. There are many reaons for this 
careful consideration; one is that to train a welder it 
costs the company between 25 to 30 cents per hour for 
material alone. To this cost must be added charges f 
instructors, equipment depreciation, as well as repair and 
maintenance. It may be seen that even on a non-profit 
basis student training is costly. 

Another reason—a more important one—is that the 
entire efficiency of future welders and the welding in 
dustry depends upon the intelligent selection of students 
If the trainees selected are of low intellect and p 
mechanical aptitude, a poor welder is most likely to b 
the result. On the other hand, if these qualities are high 
the high quality of workmanship and the initiative oi 
subsequent higher type of welder will result in greater 
progress in the welding industry. 

What qualities and characteristics in a student ar 
most likely to make him a good welder? The answer is 
somewhat the same as the answer to the question, “How 
high is up?” The making of a welder trom a student 
depends upon many variables but by careful analysis th: 
probabilities of the outcome may be gaged fairly a 
curately. 

The first thing that should be determined about our 
student is: Do we have a trainee who is trainable? Just 
as there are those who will never learn to drive a car 
play a piano, by the same token there are those who ca! 
not learn to weld. If after a few hours of instructi 
your trainee proves to be the untrainable type, you will 
save time and money for both the trainee and the con 
pany if you tactfully suggest he learn some other trad: 
An investigation of the trainee’s industrial experienc 
his attitude and his mechanical aptitude will give an 11 
sight as to his trainable potentialities. 
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we feel we have a trainable trainee, what other 
characteristics should we look for in our student? A 
of welders indicates that there are probably three 
qualities which should be considered before training is 

1 at least before it has advanced too far. These 


pegun O1 


SLUM Y 
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valities are 


Mechanical aptitude. 
Physical characteristics. 
Attitude. 


Vechanical A ptitude.—Mechanical aptitude is believed 
to be the most important quality, aside from trainability, 
to be sought inatrainee. A student must possess ability 
and mechanical inclination; without it he will probably 
find it difficult to become proficient. Practice coupled 
with skill (mechanical aptitude) is the only way to obtain 
proficiency in welding just as practice and skill are the 
only way to become proficient as a machinist, a toe dancer 
or an artist. Without skill a trainee will never become 
proficient or happy in his work. 

Physical Characteristics—What phvsical character 
istics go to make the best welders? Observation leads 
one to believe that there are some important physical 
factors which definitely affect the ability of a trainee. 

First of all, to become a proficient welder a trainee 
should possess normal coordination. His fingers must be 
able to follow quickly and easily the thoughts of his mind. 

He must have normal mentality. This does not mean 
that he is to have a specific intelligence quotient rating or 
that he be given an IQ test. It does mean, however, that 
the trainee should have a normal mind which will absorb 
information. Likewise, his mind must have a normal 
capacity to learn. If he is capable of visualizing and has 
been trained to appreciate relative values of size and 
perspective, there will be little doubt as to the capabilities 
of the student. 

The senses, too, are important! A trainee should have 
normal hearing and vision which is normal or has been 
corrected to normal. If the vision of a trainee has been 
corrected with glasses it will be found that weak eyes are 
not a handicap. Experience has shown that welding is 
not harmful to the eyes; however, some welders have 
injured their weakened eyes by straining them, trying to 
see through heavy welding lenses unaided by corrective 
lenses. If the trainee has poor eyesight, see that he wears 
glasses under his helmet or goggles; better work with less 
headaches for all concerned will be the result. 

The physical build of trainees is something which some 
plants are beginning to consider. Only persons of 
average size or build are employed. This is not because 
average-sized persons are capable of producing more 
work than other persons but because they produce less 
work stoppage. It has been found that when a person of 
unusual height, unusual weight or one having some other 
outstanding physical characteristic goes through the 
plant, fellow workers frequently stop and look. Natur 
ally, this ‘stopping to look” on the part of the entire 
plant slows up production. Consequently the tendency 
is to avoid the unusual type in both trainees and em 
ployees. 

Age is a problem which creeps upon all of us and is 
also a problem in a program for the training of welding 
operators. In some instances the ages of trainees who 
are to be trained as all-around welders have been limited 
to those prospects between 18 to 35 years old. The con 
tention is that ‘‘you can’t teach an old dog new tricks; 
lor this reason prospective students over 40 are looked 
upon with disfavor. The feeling is that persons over 40 
seeking to learn welding have perhaps experienced 
periods of unemployment in recent years. If they have 
been employed it is very likely that it has been in a field 
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that is vastly different than the welding industry. In 
either event it is felt that the applicant will possess only 
a fair initiative and probably would not become a pro 
ficient welder. 

It is hoped that these opinions on a trainee’s physical 
characteristics will not result in any feeling that certain 
persons are being discriminated against in the welding 
field because of age or other features. These are merely 
factors we all must face in this day of modern business 
and streamlined production. 

Attitude—The third of our trainee qualities which 
should be ascertained is attitude—attitude toward the 
company for which he is to work, toward his work and 
toward his fellow worker. Naturally company loyalty is 
to be sought from every employee; for this reason this 
quality should be sought first in the prospective trainee 
In this day and age we hear a lot about personality and, 
though some may think it strange, your trainee must have 
personality, for personality frequently affects attitude 
not necessarily the personality of the super salesman, but 
he must have social acce ptance so that he can meet and 
greet the public. His temperament and spirit of coopera 
tion must also be considered when determining the trainee's 
attitude. A welder is frequently called upon to work in 
close cooperation with fellow workers so he should be one 
who will cooperate and“one with whom it is easy to get 
along. 

So much for our While these 


trainee specifications 


cannot be adhered to rigidly, it is believed that they will 
prevent some attempts ‘‘to place square pegs in round 
holes.’ As is often the case, considerable time is wasted 


in trying to place a trainee in some position only to find 
later that he is unsuited. If the aforementioned sugges 
tions help reduce the frequency of these unsatisfactory 
happenings, they will have agcomplished their purposs 


The Teacher 


all know we 
the 
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Our next concern is our teacher As w 
must have a successful teacher but what art 
ments of such a teacher? According t 
Bulletin a teacher to be successful must have 
tion of a college president, the 
financier, the humility 
chameleon, the hope of an optimist 
hero, the wisdom of a serpent, the gentlen 
the patience of Job, the grace of God, and thi 
of the devil 


require 
Syracuse 
the educa 
ability of a 
he adaptation of a 
the « 


execulive 
of a deacon, t 
ourage oO! a 
; of a dove, 


persi tence 


Now it is hardly believed that such requirements art 
necessary to teach welding in an industrial plant or com 
mercial trade school. It is not even necessary that he be 
a skilled teacher but he must know how to teach. Tra 
ing progress is often impaired by two kinds of tea het 

those that can, do; those that can't, teach’ and ‘those 
who teach for 5 years and are no good for anything and 
then after teaching for 10 years are not even good for 
that This does not mean, however, that all teacher 
become antiquated with years of teaching, though they 
are likely to if they fail to keep up with the rapid changes 
in the industry. Teaching isa varied profession covering 


remembered that 
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many fields. It should be 
is teaching and that salesmanship its tea 
case ideas are being presented to enhance the knowledge 
of another 

How can we recognize a good teacher 

A good foreman will make a good 
often hate to be tagged as teachers but every foreman at 
times has had to give instructions to a new employee or 
explain a new job and as soon as he undertook these tas! 
he became a teacher 


teacher foremet! 
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A good welding teacher must be a master welder—he 
nust be a topnotch in his trade, one with plenty of ex 
perience and one who is qualified to seek out difficult 
answers and to conduct practical demonstrations 


A teacher must have the ability to organize, tor proper 
organization is the backbone of every training course. 
Students must be organized so that they will get the 
proper start into the course of instructions; instructional 
material must be organized so that it will be presented in 
an orderly fashion. The effectiveness of these organiza- 
tion jobs is dependent upon the instructor's ability to 
organize 

(nother quality and probably the most important for 
a good teacher is the quality to teach—the ability of the 
teacher to transfer his thoughts to the student A 
teacher who cannot pass his thoughts on to the pupil will 
find it very difficult to teach even the most apt of trainees. 

We must remember that in the training of welding 
operators the teaching process is identical whether there 
is one or fifty trainees and irrespective of whether the 
training is to be carried out in the shop of an industrial 
plant or in a commercial trade school. In any such train 
ing program there are four steps to be followed 


|. Preparation of material 3 Practice 
. Presentation of material Examination 
Preparation of Material-—The preparation of ma 


terial presents some serious problems particularly in con 
nection with our defense program 

fo prepare a training program to meet the welding 
requirements of defense contractors it is necessary to 
investigate the welding application applicable to these 
industries’ various fabricating processes Only when 
these points have been determined is it possible to cor 
rectly emphasize certain portions of the training program 
so that the trainee will be qualified for the fabricating 
job at hand. 

After the principal points of the training plan have 
been settled, another problem appears Should the 
traince be trained on an all-at-once basis in which all the 
fundamentals are taught at once, after which he would 
master these basic principles by repetitive review; or 
should he be trained step-by-step in which case each 
principle is mastered before undertaking another? 

Our defense program has further complicated this 
phase of the welding training by questioning as to 
whether trainees should be given comprehensive train 
ing or single operation training. By comprehensive 
training the student is trained to become an all-around 
welder familiar with all metals and capable of welding in 
all positions. In single operation training a student is 
taught in a much shorter time and usually is qualified 
to do only one type of welding, e 
on steel plates 


g., downhand welding 


Che problem of comprehensive or single operation 
training is one that will most likely be solved by those 
conducting the training program. Industrial plants will 
indoubtedly prefer the single operation type of training 
because by this teaching method a trained welder is 
obtained after a shorter and less costly training period. 
Likewise single operation welding is ideally suited for 
production work. The disadvantage of single operation 
training is that instead of having developed a proficient 
welder the training course gives industry a mechanized 
man trained to act in only one way. Such training does 
not lead to proficiency or tend to make a booster for the 
welding industry. Instead, it will likely lead the trainee 
to disappointment when our country settles back to a 
normal business pace and our single operation welder 
learns that he is not a welder qualified for big money but 
only a semi-skilled laborer who knows a little about 
welding 
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lo counteract this thought there will be present: 
argument that if the trainee is given comprehensj 
training in all phases of welding it will be very unli 
that he will be called upon to demonstrate his tec! 
in all the welding processes in any one industrial 
Consequently it is claimed that comprehensive tr 
is a waste of time. It is further argued that in th 
time devoted to a comprehensive training course it 
be impossible for the trainee to become proficient 
applications. Even though the trainee has sut 
training time, it is also unlikely that he would be 
welder of such high quality as to be considered pr 
in all applications of the welding processes. 

Che outstanding point in the favor of single op 


the greatest number of trainees in the shortest per 
time. By this system of training it is possible to supp! 
prospective employer in a very short time with a gr 
operators proficient in a specific application. 

For such a training plan to be successful, however 
absolutely necessary that the requirements of th 
ployer be ascertained and that the training progra 
prepared to meet these requirements. In this syst 
training it is important, too, that the trainee be 
employment as soon as the desired proficiency is atta 
otherwise the trainee, who has not had sufficient trai: 
to have thoroughly embedded welding habits, might 
get his training while awaiting employment 

Irrespective of the type of training it must be r 
membered that all men in a welding course will not pr 
ceed at the same pace. In the preparation of material 
the course should be planned so that the class can 
kept as uniform in its progress as possible. 

Presentation of Material 


The manner in which th 
material in a training course is presented naturally 
vital to the success of any such course. Presentation 
material to be successful should follow four well-detin 
steps 

1. The lecture: Ofttimes the lecture may prove to be 
the most difficult part of a training course from both the 
standpoint of teacher and trainee. It must be.a planned 
classroom lecture; the instructor must have a planned 
organized presentation. Some feel that this lecture need 
not be given by the same instructor who gives the shop 
work but I believe as a rule more satisfactory results will 
be obtained if the same person handles both the lectures 
and exercises 

2. Outside study: In most training programs it Is 
found beneficial if the trainee is required to do outside 
study in connection with every lecture. This is true in 
welding training too, in which case outside study is on 
subjects which either review or supplement the lectures 

3. Demonstration: It is during the demonstration 
period that the instructor comments on important points 
which were referred to in the lecture. These comments ar 
then supplemented by advice which can best be given 
only by demonstration. 

!. Practice of exercises: In these periods the student 
should practice various exercises to learn to apply the 
knowledge given him in the three preceding steps of th 
lesson and to acquire manual dexterity. 

Practice.—Practice or the application of those pri 
ples the student learns play an important part in the 
final success of the training program. It is here that th 
trainee by trial and error or, more truthfully, by trial 
and success builds confidence in his ability to become a 
proficient welder. Each successful accomplishment 
builds more self-confidence and results in a further desir 
to do better work and to learn more about what h¢ 
doing. It is during this phase of the training prograt 
that the habits of the trainee will be acquired. In 
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of this the instructors should take care to see that the 
correct habits are acquired from the beginning. We must 
remember that habit is merely an established practice 
and for this reason the lesson must be learned the right 
wav the first time and repeated in the right way until the 
habit is thoroughly established. After habits have been 
established, the trainee should then be placed on his own 
and be allowed to think out his own problems 
~vamination.—The final stage of a training program is 
the examination phase in which the instructor may de 
termine by testing the results which have been obtained 
from his teachings. In this phase of the training the 
teacher must have a good understanding of human nature 
He must know when to pat the trainee on the back, when 
to criticize and when to let the student plan his work 


The Equipment 


In conclusion I would like to discuss briefly the equip 
ment of a school for training welding operators. I shall 
not attempt to advise any one regarding the amount of 
equipment required for a welding school or the amount of 
floor space that should be available for each trainee in the 
class 

[ would like to point out, however, the following 
Che best equipment you can buy is none too good for 
your welding school. Be sure to get equipment that you 
can be proud of, for it not only builds up the morale of 
the school but also of the students and the management. 
Student training subjects equipment to more severe set 
vice than actual shop work 


Fig. 1—Three Arc-Welded Steel Gas Storage Spheres, Which Provide 
Storage Capacity of 150,000,000 Cu. Ft. of Gas. Photo Shows Spheres 
Partially Erected 






Gas Company in 
Middle West Erects 
Unique Storage Plant 


By A. F. Davis* 


NEW $1,000,000 gas storage project, which pro 
vides, in three spherical tanks, a storage capacity 
equivalent to one hundred and fifty conventional 

gas holders was made 
struction at the 
Cleveland, Ohio 

The unique feature of this new project is the 
tion ratio of 600 to | in liquefaction In 
cascade refrigeration process, plant stores the 
gas at extremely low temperature 48 to 250 degre 
below zero), thus introducing new metallurgy 

The storage 
steel spheres 57 ft. in diameter, 70 ft 
sphere having a storagecapacity of over 50,000,000 cu. ft 

Each sphere is, in reality, Within 
an outer shell and separated from it by 3 ft. of cork insu 
lation is a nickel alloy steel sphere in which the gas is 


practicabl by arc-welded con 


plant of a midwest gas company in 


reduc 
employing the 
the new 


of three arc-welded alloy 


high over-all, each 


tanks consist 


two sphert S ill one 


actually stored his inner sphere actually floats 
upon the cork insulation, a feature which allow worl 
ing’ during expansion and contraction 
President rt Lime n | 
’ 
Fig. 2—Overhead Welding of Bottom Segment of Outer Shell of Storage 
Sphere 





Fig. 3—Arc W elding a Clip Angle to Inside of Outer Shell for Holding 


Scaffolding for Welders 





611 


Fig. 4—Arc Welding the Seams of Outer Shell from Inside of Sphere 
Multiple Bead Shielded Arc Welding Is Used Throughout 








Fig. 5—The Three Arc-Welded Gas Storage Spheres Completed 


Each sphere is supported by 12 columns fabricated of 
wide-flange rolled-steel sections. These columns have 
their flanges cut away at the top to conform to the con- 
tour of the shell. They are connected to the shell by 
fillet welds at junction of flange to the shell plating. Are 
welded to the column web is a T-bracket supporting a 
balcony which completely encircles the sphere. 

All steel for the tanks was entirely formed in the shop. 
The shell of the sphere, consisting of 128 separately 
formed segments, was fabricated by cutting steel plate 
and pressing it to the proper curvature. It is inter- 
esting to note that all of these segments were so ac- 
curately formed that no adjustments were necessary 
during erection. This is believed a remarkable feat 
considering the thickness of shell plating used and the 
form to which fabrication was necessary. 

Erection of a sphere began with placing the 12 columns 
upon concrete footings. Erection of the balcony and 
platform followed, then the center cylindrical section, 


(Continued from page 601) 
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Nickel Silver. Working of Nickel Silver, C. R. Draper. Metal 
Industry (Lond.), vol. 58, no. 25 (June 20, 1941), pp. 527-528. 
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utilizing temporary bolted connections. Then, work 
ing down from this center section, the segments 1 
sphere were placed utilizing clip angle hangers which he! 
the segments in place. After all steel of a tier y 
position, tack welds were made at various point 
lowed by finish welding of the inside seams. Th 
angles were chipped away at an early stage in the 
ing and the inner seams were welded in four be 
Welds were chipped away on outer surfaces and 
welded. The thickness of the outer shell, consi 
of mild rolled steel, is 7/;.-in. All welding was done u1 
Hartford Insurance Inspection and all welders wer 
qualified in accordance with the A. S. M. E. Cock 
pressure vessels. 

With the lower half of the outer shell complet: 
plication of the cork insulation was carried out, skewer 
ing the layers of cork together. Then followed applica 
tion of asbestos paper, a nickel steel backing up strij 
for the welds on the inner sphere (which was tack weld 
to the segments of the alloy sphere before erecti 
finishing with are welding on the inner shell seams 

The lower half of the inner sphere, which is constructed 
entirely of nickel steel */s in. and 7/5 in. thick, was ther 
erected and welded. All welds were beveled to as small 
a vee as possible, the bevel not exceeding 30 degrees 
any point. With completion of the two lower halves 


the upper half of the inner sphere was then erected and 
welded, the upper half of the outer shell placed and 


welded, then the 3-ft. space filled with granular cork in 
sulation. Erection of the upper portion of each spher 


i 


consisted of working from the center cylindrical sectio 


upward, placing each tier of segments in order. This 


work was carried out utilizing the same temporary bolt 
clip angles until all steel was in position. 

Erection of these three spheres represents a new indus 
trial advance made practicable by welded construction 


The Gas Machinery Cortpany, Cleveland, Ohio, was 


the general contractor for the project, and Pittsburgh 
Des Moines Steel Company of Neville Island, Pa 
were the sub-contractors for the fabrication and ere 
tion. 
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Fundamentals of Structural Welding 
Design 


By C. Harold Louree' 


HE literature of structural welding is too extensive 

to be fully reviewed in a short talk like this. It 

will be my aim to present the essentials of the de 
sien of welded steel construction, to correlate design 
with shop-practice requirements in such a way that the 
designer and the shop man may each better understand 
the other’s problems. 

Fully competent design must be predicated upon a 
knowledge of the behavior and properties of engineering 
materials under the conditions that attend construction 
operations as well as conditions of service. Too many 
engineers, however, have been content to use more or 
less standardized details under all conditions that arise, 
and to assume blandly, and confidently, that their design 
assumptions will be fulfilled perfectly. 


Materials for Design 


Designers have a habit of assuming that the material 
in their structures comes miraculously through mill, 
shop and erection operations without any of it having 
been stressed or deformed beyond the elastic limit, and 
that it arrives in final position, practically free from 
stress until it assumes the loading for which it was 
computed. 

Nothing is further from the truth, regardless of whether 
the material be steel, concrete, wood or some other 
material. In any kind of steel construction, the ma- 
terial, in passing through various stages of mill and shop 
operations, is hot worked, cold worked, bent and formed. 
It is at all times in a condition of balanced localized 
internal stresses with peaks that often reach yield-point 
magnitude. Differential rates of shrinkage during cool 
ing, after rolling, set up such stresses. Then during and 
after erection the steel is unavoidably subjected to in 
calculable secondary and concentrated stresses until it 
yields and becomes adjusted to service conditions, still 
in a condition of internal stress of yield-point value at 
some points. That is why specifications for structural 
steel have requirements for ductility and other proper 
ties that permit the material to yield locally and relieve 
these local balanced, secondary stresses as load stresses 
are induced, so that the two will not combine to cause 
structural damage. 

These facts might be thought of as cause for great 
apprehension, if viewed with no knowledge of the be 
havior of structural steel, and if it were not for the ex 
cellent experience record of the reliability of steel con 
struction. 

Several facts about the stress-strain curve for a duc 
tile carbon steel are often forgotten by structural engi 
neers. The deformation up to the yield point is very 
small, something like 0.10%. It is found that the de 


> >, 

Presented at the Jan. 31 
; 

Engineer 


1941 


Patterson Steel Co 


meeting, Tulsa Section, A. W 
Tulsa, Okla 





formation up to the yield point (mostly elastic) is only 
about » Of the total deformation to the end of the 
‘plastic’ stage in which deformation takes place without 
increase in stress. This means that when a self-limiting 
condition causes a stress of yield-point value and an 
accompanying deformation that is perhaps somewhat 
more than yield-point deformation, and this condition 
is followed by a loading of the member, then only a very 
small amount of the available stretch in the plastic 
stage is sufficient to relieve the initial stress 

By releasing the load and then applying it again at 
several points, it 1s demonstrated for any of these points 
that part of the total deformation (which is mostly 
permanent set) is an elastic portion approximately equal 
to that which occurred before the yield point. The 
assumed initial stress corresponding to this elastic de 
formation is relieved as loads come onto the structure. 
Of course this is true only when the initial stress results 
from a self-limiting conditior? such as shrinkage or self 
limiting rotations of the ends of members 

rhe properties of ductility and toughness in steel are 
largely responsible for its versatility and superiority 
in being able to adjust itself without structural damage 
to the requirements of practicable construction opera 
tions. 

Harassing as it may seem to some engineers to think 
of the materials in their structures being subjected to 
strains that do not appear in their stress computations, 





Fig. 1—Rigid Type Construction Used in a Sectional Type Steel 
Building 
24 Ft pan 18s Ft 
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Fig. 2—Simplicity of Welded Girders 


they must become reconciled to actual facts for an in 
telligent use of these materials. Whether they be steel, 
wood, concrete or other materials assumed to behave 
elastically, there actually exist very high secondary 
stresses due to differential shrinkage in cooling, drying 
or setting up, and due to plastic flow or permanent yield, 
etc., that could be viewed with equal disquietude, if not 
well understood. 

Fortunately, in most cases no serious difficulties are 
encountered despite neglect by the designer to recognize 
fully the behavior of his materials of construction, be 
cause he uses for the most part details that have been 
found to stand up in practice even though they may, on 
the one hand, be grossly wasteful of material, or, on the 
other hand, be encroaching seriously upon the factor of 
safety. If a special detail gives trouble, the conclusion 
usually is merely that it is a bad detail and should be 
avoided in the future, whereas there is really a funda 
mental reason for the misbehavior, that is directly related 
to the natural behavior of the material. 

Steel will stretch or deform a considerable amount 
after passing the yield point; but if it is called upon to 
deform too much, then real structural damage becomes 
imminent. If the form of a detail, or the presence of 
small cracks, or other serious defects cause deformations 
to be restricted to comparatively small areas or volumes 
of metal, there is no opportunity for the ordinary mecha- 
nisms of behavior to occur, and a ductile material 
may behave in a brittle manner before relief can be fur 
nished through plastic flow or stretch. 

Secondary stresses may be caused by differential 
shrinkage in mill or shop operations by cold working, 
by such partial restraint against end rotations of beams 


and thereby avoid difficulties that might otherwise pe 
experienced from time to time. 

With this in mind we will now consider some 
mentals of welding design; design-fabricated me: 
as well as connections specially for welding, disn 
riveted prototypes from mind. Overlapped mater; 
necessary in riveted work, is often unnecessary 
undesirable in welded details; e.g., plain bar we 


eT 


feners for beams and girders are more efficient 


angles 
Wide Variety of Joints and Connections 


A structural designer whose experience has 
cluded welded construction is unlikely to realize at fi 
what a wide variety of welded joints 1s available 
wide choice increases opportunities and makes it possibl 
to develop many useful designs for which riveting offers 
no counterparts, but it also makes standardization more 
difficult and imposes a higher order of technical duty 
upon the detailer. For some classes of welded stru 
tures a far greater skill is required for detailing the joints 
than for designing the members (Fig. 6) 

End connections of beams are the most numer 
joints in building construction, and they account { 
more than half the total welding used in framed stru 
tures. Beam splices, column splices, connections { 
brace members, roof truss connections and gussete 
joints for bridge trusses and heavy building trusses ar 
other commonly occurring details. 

Visualize all construction operations while designing a 
structure, and detail fabricated parts and connections 
with a planned sequence of welding in mind which will 
permit a control of distortion and shrinkage stresses 


} 


Expansion and Contraction 


Factors which affect expansion and contraction or 
distortion in welded structures are: Rigidity of mem 
bers, speed of welding, sequence of welding, amount of 
heat used. 

There are a few physical laws or facts which must be 
kept in mind at all times. Some of these are so obvious 
it may seem unnecessary to mention them, but a state 
ment of these facts will bring to mind the items to be 
considered. These are: 

Metals expand when heated and contract when cooled 
The total expansion is dependent upon the length heated 
and the temperature change. 


as occurs with standard ‘‘flexible’’ end connections, by ~ D>. 
sharp corners or by other conditions not recognized Dd D> ZB >» 

in design computations. Differential shrinkage stresses aa — —_ + 
are nearly always quite highly localized and balanced, Weld Size % , ey % 
because areas subjected to tension are adjacent to areas 

under compression, and the total internal stress across 

a section is zero if there are no external forces acting at Unit Stress 3000 Loco 5000 G000 
the ends of the member. 

These secondary stresses are usually self-limiting and 
are relieved (because they are not caused by external Datic - 132 67 2. 
forces which could follow up and continue the stress : a; a 
after yield has taken place), provided the metal is not 
prevented from behaving in a normal manner (by cir- ys ital natn oF 95 22 
cumstances such as have been pointed out) and providing bas is a i iii 
it is not called upon to deform an excessive amount. 

Designers and shop men, alike, should be familiar 7 Bs on 2718 at 
with these properties of steel, both within the elastic <ar® wad 7 sai bes 
range and beyond it, so they will understand the limita Siicapdipaeianate —— —— 
tions of whay may be expected of the behavior of steel Fig. 3—Size of Fillet Welds 
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- js sometimes ignored in discussion of welding, 


that is, slight account is taken of heating of plates or 
parts, only the bead being considered. Steel is elastic 
up , certain value of unit stress; above this it yields, 


r plastic flow of metal or permanent deformation occurs. 
a summary of the factors involved and what might 
be termed general rules the following may be stated: 

Stresses are set up in plates and shapes by rolling, 
shearing and forming. The partial release of these 
during welding may be a controlling factor. Stresses 
and warping caused by welding may be divided into two 
groups: 

1. Those which occur during welding, or transient 
stresses or warping. 

9. Final stresses or warping which remain when part 
is completed and cor led. 

It is to be noted that the final external deformation is 
usually the most troublesome one and, further, that the 
amount of deformation does not necessarily indicate the 
stress value as this deformation is dependent upon re 
straint, stiffness, stress distribution and plastic flow. 

All other things being equal, an increase of speed will 
slightly increase the warping. A small number of passes 
result in lessened warping. 

Step back and skip step back welding will reduce 
locked-up stresses and warping due to more uniform 
distribution of heat and greater rigidity of part during 
welding. 

It is advisable to weld from a point of restraint 
The part will expand and, if unrestrained or nearly so, 
will be free to move. 

Clamping will reduce warping and is more effective 
when welded parts are allowed to cool in clamps. 

Stresses may be relieved by heat treatment or me 
chanical loading. 

Do not specify steels of unknown weldability charac 
teristics, and if special steels are used, specify electrodes 
or welding rods and welding procedures that are known 
to be suitable for such steels. 


Complete Drawings Necessary 


Provide full and definite information about all welding 
by means of adequate symbols such as the Standard 
A. W. S. Symbols (and notes where necessary), referring 
to standards or special types of welds and to workman 
ship specifications for making them. 

The design drawings for a welded structure must con 
vey all the information ordinarily required for making 
estimates and working drawings and they must also 
clearly indicate the type of connections required. For 
example, they must show whether beam connections are 
to be rigid or flexible and whether butt or lap joints are 
to be used. 

The detail or shop drawings must show the size, shape, 
length and location of all welds required in the shop 
fabrication of the structural members and their as 
semblies. Separate drawings must be made to show the 
details of the field connections of a welded structure be 
cause they are not directly apparent from the general 
erection plan and the assembly of the joints. Ordinarily 
these drawings are made as general details of each joint 
and are used in ordering material and in the preparation 
of the shop drawings, as well as for their ultimate service 
in the erection of the structure. 

All information regarding the details and location of 
welds should be given by means of the AMERICAN 
WELDING Society's Standard Symbols for Welds. The 
universal use of these symbols will insure easy reading 
of the drawings and will aid considerably in reducing the 
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Fig 4—Welded Connections, 
Consisting of an Erection Seat 
and an Erection Clip 





mistakes and misunderstanding which must occur when 
welds are not systematically detailed 
lake advantage wherever possible of the natural 


d rigid tram 
are required 


adaptability of welding to continuous a1 
types of construction in which rigid joint 


Fig. 1). Remarkable savings in cost can often be 
realized with this type of welded construction 
The chief difference in design between welded and 


riveted construction lies in the details of the connections 
Welded joints are more rigid and require special study 





to avoid harmful effects which might follow from this 
condition 

Unfortunately the application to building frames of 
methods of analyzing continuous structures is exceed 


ingly laborious. 
Let simplicity of detail be the keynote of design. Thi 
most simple welded detail is usually the best technically 


and the most economical Note that welded girder 

are usually composed simply of two flange plates and a 

web plate, with bar stiffeners where required (Fig. 2 
A cardinal aim should be simplicity the details 


Study spent on the details before a job gor 


can effect worth-while savings in cost of welded con 
struction. 

Whenever simply supported beam r girders aré 
involved (as in tier buildings without windbracing 


make definite provisions for sufficient flexibility of 
nections, such as is afforded by standard riveted con 
nections, to permit end rotation of beams that must ac 
company simple beam deflection. In such cases the 
welds must be proportioned strong enough to insure 
deformation in the base metal 

It is probably safe to say that beam connections have 


Con 


to the shop 


been the most difficult problem confronting the engineer 
in the design of welded structures. The problem is not 
yet settled, but enough study and actual practice ar 


available to point to safe construction methods 
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The function of a beam connection is to transfer the 
end reaction or shear to the supporting member, be it a 
column, plate girder or another member. 

In welded splices and connections, investigate stresses 
in both the welds and the base metal to determine the 
critical section, as in riveted work. 

Early attempts at designing welded members con- 
sisted mainly in straight substitution of welds for rivets. 
This was not satisfactory, practically or economically. 
A fresh approach to the subject has developed better 
methods. 


Size of Weld 


Do not use larger welds than required from stress 
considerations or from stipulations as to minimum size. 
This is not only wasteful but in many cases it may intro- 
duce undesirable shrinkage with consequent distortion or 
residual stresses. Also avoid large unnecessary con- 
centrations of welding at one point; e.g., clip the inner 
corners of bar stiffeners for girder webs so that the welds 
joining the stiffeners to the girder will not extend to and 
intersect the web-to-flange welds. 

In designing welded structures, the welding should 
develop the stresses, not the material; that is, the stress 
should dictate the size of the welds. 

Riveted work has developed its methods and practices 
from its own inherent nature. Welding has its own 
peculiarities, and should logically establish practices 
that are in line with these peculiarities. It is not just 
a matter of copying riveting practices. This leads us 
to the question: How much metal is in a fillet weld? 

In the case of the fillet weld, an engineer will calculate 
the amount of welding required to develop full strength 
in a particular joint. After making these determina- 
tions, the size of the weld is often increased. After 
having been checked by the designer, inspector and fore- 
man and fabricated by the welder, that fillet weld that 
was calculated to be */\. inch in size has grown to a */¢- 
inch fillet, a weld that is much too strong and much too 
expensive (Fig. 3). 

While the size of the weld has only been doubled, there 
is actually four times as much weld metal in the deposit. 
Consequently, the welding costs are at least four times 
as great as were necessary for the job. 

Remember that small-size fillet welds provide more 
effective cross-sectional area per unit volume and cost 
of weld metal than larger sizes. Smaller size continuous 
welds are better and more efficient than larger size in- 
termittent welds. A choice may be made. The 5/j- 
inch fillet is most common because it is the largest per- 
mitted by most structural specifications to be deposited 
in a single pass. 

In general it may be stated that fillet welds of less 
than '/,-inch size are not ordinarily used except along 
edges of plates or flanges less than '/,-inch thick. The 
length of a fillet subject to longitudinal stress should 
generally be at least four times the weld size. 

The designer should avoid eccentricities in connections 
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Fig. 5—Base Plates Welded to Columns 
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as much as possible and take into consideration 
appreciable ones that exist even though they may fy 
customarily neglected in standard riveted connections 
e.g., eccentricities are not neglected in welded beam 
nection-angles or tees, in computing the welds joining th 
connecting material to the web of the beam. 

The stress on the weld of an eccentric connection is 4 
combination of the vertical and horizontal components 
The problem is simplified by treating only the linear 
dimension of the weld and then using a stress per linear 
inch, instead of per square inch. 

Avoid so-called “notch effects’ that induce concentra 
tions of stress. Arrange details so as to avoid abrupt 
changes in contour or section that would interfere with 
smooth paths of stress flow; e.g., in a welded girder 
with no rivet holes in the flanges that would constitut 
““stress-raisers’’ and interruptions of lines of stress, it is 
best practice, especially for bridges, crane girders, run 
ways and other dynamically loaded girders or beams, to 
avoid transverse fillet welds across tension flanges at 
points of high stress, and to weld ends of bar stiffeners 
to small fills or pads inserted with a tight fit between th 
flanges and the ends of the stiffeners after the girder has 
been otherwise completely welded. Also avoid so-called 
“reinforcement” of butt welds. Make their surfaces 
only sufficiently convex to insure full cross section equal 
to that of base metal. 


Butt Weld Splices 


Use butt-welded splices in preference to fillet-welded 
strap splices for dynamically loaded members. Butt 
welds offer better resistance to repeated stress and shock 
because they transfer stresses more smoothly. But 
be sure that a sequence of welding is adopted that will 
provide for contraction durimg welding without creating 
distortion or excessive shrinkage stresses. This is par 
ticularly important for members welded into rigid as- 
semblies and for splicing wide plates or sections other 
than rectangular in shape. 

Where the type of joint has no influence upon the 
size of main material, fillet-welded lap joints are likely 
to be more economical because they permit making 
allowance for mill tolerances more easily and the expense 
of cutting to exact length and of accurate preparation of 
edges for butt welds is avoided. 

For fillet-welded connections use a combination of 
transverse welds with longitudinal welds to obtain the 
smoothest flow of stress lines and the best stress dis 
tribution. ‘“‘Box’’ or return fillet welds by extending 
them full size around adjacent corners, especially where 
a longitudinal fillet theoretically ends at a corner where 
it is not adjacent to a transverse weld and where there 
would be nothing to relieve the stress concentration that 
occurs at the end of a longitudinal fillet weld. 

Avoid details that would cause progressive bending or 
rotation (that is, not inherently self-limiting) about the 
longitudinal axis of a fillet weld in the direction that 
would cause tension in the root. Also avoid details that 
might cause progressive tearing of fillet welds from one 
end toward the other, similar to the ‘“‘unbuttoning”’ of 
a line of rivets in tension due to bending. 

Arrange details so that the heat applied in welding will 
be balanced on either side of a member as much as prac 
ticable, thus relieving tendency toward distortion. 

Symmetry in the location of welds and welded con 
nections is very desirable. The heat of welding is apt 
to cause a certain amount of warping, and symmetry 
will assist many times in maintaining the parts in their 
original or intended position or shape. The effect of a 
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Fig. 6—Showing Variety of Connections 
weld on one side of a member is to cause the member to Position for Welding 
take a curved shape, concave toward the weld. This ' , :, , 
Che easiest position for welding 1s downward. It 1s 


condition is often avoided in the shop by securing the 
parts against bending during fabrication. 

Exercise care in using welds along with rivets and 
bolts (computed to carry stress) in the same structure. 
If grouped together in a new connection the rivets cannot 
slip to develop bearing and assure the taking of their full 
share of the load. 

One principle of economical fabrication is to avoid, 
as far as possible, both welding and punching operations 
on the same piece of main material. This can often be 
accomplished by punching holes in the detail material 
which is welded to the larger members. 

Bolted field connections for light-weight secondary 
beams, when permitted by the code, work out in a satis 
factory manner in conjunction with welding for other 
field connections and for shop work. Often some cost 
may be saved by shop welding even though field con- 
nections are riveted. But when field welding is adopted 
to eliminate noise, and welding is not adopted for the 
shop work also, a very unfavorable combination for 
economy is invariably developed. 

Arrange details so that they will provide easy access 
lor performing the welding with the electrode in the cor 
rect position. 

Detailed connections and joints to provide as much 
welding in the shop and as little in the field as possible; 
also so that as much of the welding as possible can be done 
in the down hand position. 
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generally more comfortable for the welder and enables 
him to place the weld with greater uniformity. Vertical 
welding, in most cases, is quite easy to do, though not as 
fast as downward. Overhead welding is more difficult, 
both from the point of view of welding technique and 
from the uncomfortable position of the welder, and, 
furthermore, in the field will usually require some form of 
staging, or platform for the welder to stand on 

Provide duplication in parts or sufficient similarity 
for the use of jigs or fixtures wherever practicable 

Where holes must be provided to facilitate rapid 
erection, as for tier buildings, and some connections in 
industrial buildings, under conditions that prevail as to 
organization of erection work, detail the shop and field 
connections so as to necessitate punching and drilling 
for as few parts as possible and in as few heavy members 
as possible. For best economy, avoid arrangements that 
require both punching and welding on the same member, 
wherever possible. Some temporary connections, espe 
cially for bridges and industrial buildings, can be made 
economically with clips, cleats, lugs, etc., and held until 
welded, but some positive means must be provided to 
hold members together and align them prior to welding 

Fig. 4 

No mention of costs has been made 
depends on the shop equipment available, the location of 
the shop and of the job and the welding personnel 

Another factor that has a noticeal ffect on 


because so much 


le effe: welding 
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costs is that of drawings, both design and shop draw- 
ings. 

It is common experience among fabricators to receive 
framing plans which indicate girders, columns, beams, 
etc., accompanied by such notes as these: “‘Girders may 
be welded,” or “‘Column details are to be arc welded.” 
Nothing definite is indicated regarding the size and the 
amount of welding desired. It is evident that, when the 
estimators price the job, they must play safe. The pos 
sible welding that might be demanded by the designer 
is assumed, not the amount that is actually needed. 
Later on, the girders or columns will be detailed with the 
correct welding; even if the designers accept the details 
as made, the cost to the owner of the structure will still 
be that figured into the job by the estimators. 

The point made here is not that every piece should be 
detailed by the designer; details should be made by the 
detailers. But the designers should indicate clearly by 
notes on the drawings and by suitable items in their 
specifications what type of welding they will expect, what 
they will require for girder welding, for columns and for 


beams to column connections. Items recurring in con- 





These Cam-Operated Clamps of Modified Design Are Provided with 
Setscrews in the Lower Jaws for Additional Adjustment 


Efficient Clamps for 
Stack-Cutting 


By H. R. Gilson* 


N stack-cutting operations, accurate, high-quality 

results depend in large measure upon the efficiency 

of the clamping arrangement which holds the steel 
plates or sheets together. Clamps for this purpose 
should be of fairly simple design and should be strong 
enough to exert the amount of pressure necessary to hold 
even slightly warped plates firmly together. They 
should be quick-acting and easily installed, adjusted or 
removed as desired. :; 


* The Linde Air Products Co., Milwaukee, Wis 


siderable numbers should be plainly shown on the dray 
ings. 

A common detail received is a column with a seat 
angle and the word ‘‘weld’’ shown. The toad is not 
indicated; neither is the position, nor the size of fillet 

The shop may weld up both ends, or both ends 
bottom or just top and bottom. 

Another detail often received is a column with a bas 
plate marked “weld.” 

There is usually considerable difference between th 
thickness of the column sections and that of the bas 
plate. In such cases the welding requires special 
There is no good reason to weld the web to the bas 
(Fig. 5). Even if there is bending in the column, 
either direction, the welds connecting the flanges to th 
base would have to be torn off before an appreciabl 
stress could be developed in the welds connecting thy 
web to the base plate. 

The fabricator’s estimates are based upon your details 
For they alone determine the unit costs on your 
The more exact your details, the more exact your pric 
The simpler the design and details, the lower the price 


The accompanying photographs and the sketch on th 


following page show four variations of a type of cla 

that has found rather widespread acceptance becausi 

meets all of these requirements. Basic design is identi 

for all four clamps and any one of them can be fabricat: 
by reference to the sketch which gives complete constr 

tion details. Differences exist only in the means pr 
vided for final adjustment of the space between the jav 
and in the mechanism by which pressure is applied. 0: 
model is actuated by a cam and lever arrangement, 
second by a screw and lever. In the other two, can 
lever and screw are combined to provide the maximu 
adjustment possible. 


Construction and Operation 


The main body of each clamp is shape-cut from 
in. steel plate, heated with the oxyacetylene flame a 





Ready-Made Clamps 


Stack-cutting clamps of a type similar to those discussed in the accon 
panying article can be purchased already made One of these ready-mad¢ 
clamps is shown here in its open and closed position It provides a clearan 


of 3'/s in. between its clamp jaws, and further adjustment can be made 
means of a setscrew rhe self-locking handle makes it easy to instal! ar 
remove 
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Front (Left) and Rear (Right 





Views of Screw- and Cam-Operated Clamps for Stack-Cutting 





Is Transmitted 


Clamping Pressur« 


Through the Pivoted Lower Jaws 


t to the proper shape lhe lever which serves as the 
wer clamp jaw is also cut from s-in. plate drilled to 
a pivot and then mounted at the forward 
nd the main body At the rear, inside the bend of 
the main body, is added a cam or screw arrangement 
which bears against the end of the lever below it 
A further refinement can be obtained by tapping thx 
lower jaw for a setscrew, as shown in the sketch Chis 
will provide additional adjustment between the jaws 


ntacting surfaces of cams, screws and levers are usually 


modate 


flame-hardened or hard-fac ’ iximum 
weal 

In use, the clamp jaws are | tioned abov und 
below the stack of plates Chen the handle of the cam 
is thrown forward or the reat tat ew is turned 
down Either of these actior xerts pressure on the 
rear of the pivoted lever, forcing the lamp laws t 
gether and locking them in place Che same procedurt 
in reverse immediately releases the cl 
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rhis Quick-Acting Clamp, Especially Designed for Stack-Cutting Operations, Lends Itself Readily to the Slight Variations Shown in 
the Photographs 


CLAMPS FOR STACK-CUTTING 
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Fig. 1 


Welding Makes 
Continuity in Steel 
Work Advantageous 


By G. G. Landis* 


over steel, when all concrete members are designed 

as continuous and steel members are considered as 
freely supported at their ends. However, arc welding 
furnishes a means of making steel members continuous at 
a cost which often makes the use of continuity in steel 
work advantageous. 

Figure | shows a beam loaded with 1920 Ib. per ft. on 
a span of 20 ft. Calculated as a freely supported beam 
without any continuity, the center bending moment 
would be 96,000 ft.-lb. Figured the way reinforced con- 
crete would be, the center moment is 64,000 ft.-lb., re- 
quiring a 14-in. 30-Ib. beam, while the 96,000 ft.-lb. above 
require a 14-in. 43-lb. beam, or 43% more steel. 

In concrete, in order to figure the smaller moment, it 
is stipulated in building codes that a moment also of 
64,000 ft.-Ib. be developed at the beam’s ends. A method 
of accomplishing this in steel is shown in Fig. 2. Here, 


S= ETIMES reinforced concrete has an advantage 


* Chief Engineer, The Lincoln Electric Co., Cleveland, Ohio 
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Fig. 2 


an end-beveled 6-in. x ‘/;-in. tie plate is field-welded to 
the top flange of the beam and butt welded to the column 
The end of the bottom flange is butted up against the 
column by a 6*/,-in. x */s-in. field weld between the end 
of the beam and the column and by two fillet welds to th 
seat. 

The 16 inches of */s-in. fillet weld, as shown, have a 
value of (3750 &K 16 X& '/,.) = 70,000 ft.-Ib. 

The butt weld to the column has a value of (6 x ° 
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Fig. 3 
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% 16.250) = 71,000 ft.-lb. The value of the */s-in. 
tt weld at the end of the bottom flange is 18,750 X 
xX 3/6 & '/y = 55,200 ft.-Ib., and that of the two 
.  1/,in. fillets to the seat is 2 (3 X 2,500) '*/» = 

7 500 ft.-lb., a total, for the bottom flange, of 72,700 ft.- 

~ Whenever reinforced concrete slabs are used as flooring 

steel-frame buildings, a simple method of obtaining 
continuity for steel beams is that shown in Fig. 3. Since 
the steel beams themselves are encased in concrete at the 
time the slabs are poured, the steel and the concrete act 
as a unit, as proved by the tests made at the University 
Toronto. If, therefore, the bottom flange of the steel 





; 
g 
F 








beam is butt welded up against the column so as to resist 
the compression, the tension at the top may be taken 
across the column from one beam to the beam opposite 
by tension bars in the top of the concrete itself. In Fig. 3, 
the four l-in. round rods have a value of 4 & 0.7854 & 


18,000 X a - = 68,000 ft.-Ib. 

In this method, the steel is built in quite the usual 
fashion after which the bottom flange of the beams is butt 
welded to the columns The tension rods are placed 
along with the concrete construction Thus the floor 
beam tonnage is reduced as much as 25 to 30° 


| Tempobrazing 


By R. L. Briggs 


EMPOBRAZING* is a particularly timely de 

velopment for it offers many possibilities of in 

creased production and improved methods of 
fabrication at a moment when the need for such improve- 
ments is most acute. In many instances, it may even 
be the answer to the perplexing problems of substituting 
available materials for materials now difficult or impos- 
sible to obtain. 


What Is Tempobrazing? 


rhe process of brazing is not new. In fact, it is al 
most as old as the pyramids for the early Egyptians are 
known to have joined copper by a brazing process. Since 
then, there have been many important developments 
and improvements, especially in the methods of heating 
and in the physics and chemistry of solders and fluxes. 

In spite of this great progress there has always been 
one disadvantage to brazing non-ferrous materials and 
that is the loss of hardness or temper that occurs in and 
around the joint. This loss is particularly marked in 
the case of brazed joints made in cold-worked copper and 
copper alloys. The brazing operation leaves the metal 





* U.S. Patent No. 2,223,312 


fully annealed or ‘‘dead soft’’ as it is called, and materially 
affects its physical properties 

Copper, for example, when cold worked to full hard 
ness has a fine, uniform grain structure and develops a 
tensile strength of over 60,000 psi. When dead soft, 
however, the tensile strength drops to less than 40% 
of the full hard value and the grain structure becomes 
coarse and irregular. The pronounced change in the 
grain structure of copper when hard rolled and when fully 
annealed is shown in the photomicrographs, Figs. 1 and 


*) 


This physical change occurs when the metals are heated 
above a certain temperature, and particularly when 
they are heated and then allowed to cool with an ap 
preciable time interval intervening. The effect is likely 
to be the same whether the metals are heated to a high 
temperature for a fairly short interval or to a lower 
temperature for a longer interval. 

The temperature required to flow hard solder or 
brazing materials now commonly used, usually exceeds 
the range which, if maintained for an appreciable in 
terval, effects a change in the grain structure of the metal 
in the pieces being joined. Under present methods of 
brazing, there is no practical way to control the tem 











Fig. 1—A Section of '/\«-In. Hard-Rolled Fig. 2—A Section of e-In. Annealed Copper Fig. 3—A Transverse Cross Section of a 
opper Enlarged 200 Times to Show the Enlarged 100 Times Showing the Coarse and Tempobrazed Lap Joint in In. Copper 
niform Grain Structure Irregular Grain Structure Enlarged 100 Times to Show the Uniform 


Film of Brazing Alloy and the Fine-Grained 
Appearance of the Adjoining Metal 
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Fig. 4—Tempobrazing the Head of a Copper Hot Water Tank 
The work is performed at high product 
working the joints is eliminated 


ion speeds and the necessity for re 


perature and the time interval with sufficient accuracy to 
avoid the possibility of altering the grain structure 


Time-Temperature Control 


In cooperation with Handy and Harman, Bridgeport, 
Conn., experts on brazing metallurgy and silver brazing 
alloys, we set out over six years ago to develop a method 
of brazing in which the time and temperature variables 
could be controlled to the point where grain growth is 
prevented and loss of hardness or temper in and around 
the joint avoided. This development is now complete 
and the process is in successful application 

By employing accurately metered electrical energy and 
special solder having a flow temperature low enough 
to make excessive heating unnecessary, tempobrazing 
makes possible the accurate dual control of both the 
amount and the time of heat application. The operation 
is performed in a resistance seam welder with suitable 
means for inserting a silver brazing alloy between the 
pieces being brazed and for chilling the work as rapidly 
as the joint is made. 

The brazing alloy used in the process is in the form of 
a thin ribbon as wide as the intended joint. When cooled 
and hardened, it forms a very thin homogeneous film, 
free from irregularities, voids or orifices. 

Figure 3 shows a section of a “‘tempobrazed’’ joint 
made in hard-rolled copper. Note the uniformity of the 
solder film and the fine grain appearance of the metal as 
compared with the structure of the annealed copper 
shown in Fig. 2. While not shown in the picture, the 
areas surrounding and immediately adjacent to the 
joint are absolutely unchanged in their physical struc 
ture and are all like the section shown in Fig. 


Applications 


The process can be applied to the fabrication of articles 
made from non-ferrous sheet metal such as tanks, cans, 
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boxes, boilers, continuous lengths of tubing, refrigerato; 
parts and similar units where it is advantageous to y« 
cold-worked materials without the re- 
working after the brazing operation. It cannot be ap. 
plied under conditions where rapid heating and chilling 
is impossible or not practical and offers no advantage 
beyond high production if the metal is alre -ady . 
annealed state or must be re-worked for some reas 
associated with the brazing operation. 


1 
US€ 


necessity for r 


Electrode Cooling Nozzle 
i "4 


a Brazing 
——- 








Po 
Electrode 





Simplified Diagram ot the Operation 


The brazing alloy in ribbon form is inserted before the work 


pa 
the electrode wheels of the welder A continuous flow of cooling water 
at the joint chills the work immediately after heat application 
changes in the grain structure of the metal 
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A Method of Producing Continuous Lengths of Cold-Worked Copper 
Tubing 
The work is shaped by forming rolls 


and brazed in one operation 
working of the brazed joint is unnecessary 


Figure 4 shows an example of the process applied 
the manufacture of non-ferrous hot-water tanks. Ordi 
narily, these tanks are produced by resistance welding, 11 
which case special alloys such as monel or several of the 
silicon brasses must be used, or by brazing and re-working 
in order to obtain the required strength. While the resis 
tance welding method offers the advantage of high produ: 
tion, the special alloys required are expensive and may | 
difficult or impossible to obtain. 

By ‘“‘tempobrazing,” a tank can be produced of hard 
rolled copper formed into the desired snape and braz« 
in a resistance welding machine. There is no necessit) 
for re-working and production is comparable to that 
obtained by resistance welding. Copper tanks made in 
this manner have physical properties that could not be 
obtained heretofore. They show remarkable ability to 
withstand “breathing’’ tests and have high rupture 
values. 
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(Continued from page 612 


Tanks. Welded Fabrication of Copper Tank. Oxy-Acetylen 
rips, vol. 20, no. 7 (July 1941), pp. 162-163 

Tubes, Welded Steel Study of Welded Pipe Truss Construction, 
F. A. Weitzel. Welding Engr., vol. 26, no. 5 (May 1941), pp. 33-38 

Tugboats, Diesel, Welded Steel Upside Down Diesel Tugs 
Diesel Progress, vol. 7, no. 5 (May 1941), pp. 34-35 

Welded Steel Structures. Design of Continuous Beams and 
Frameworks with Rigid Connections in Welded Construction, with 
Special Reference to Professor Hardy Cross’s Method of Analysis 
I, H. V. Hill. Welder, vol. 12, no. 77 (Nov.-Dec. 1940), pp. 161 
167 

Welders, Training. How to Get Welding Operators, H. Law 
rence. Steel, vol. 109, nos. 1 and 2 (July 7, 1941), pp. 60, 62, 102 
and 104 and (July 14) p. 82, 84.and 86 

Welding. Fabricating Low-Cost Industrial Equipment. Oxy 
Acetylene Tips, vol. 20, no. 6 (June 1941), pp. 125-129 

Welding. Facts and Figures—Statistical Review of Welding 
Industry. Welding Engr., vol. 26, no. 5 (May 1941), pp. 39-50 

Welding. Quarter Century of Welding, T. B. Jefferson. Weld 
ing Engr., vol. 26, no. 5 (May 1941), pp. 21-24 and 38 

Welding Shops Layout of Modern Resistance Welding 
Shop, E. S. Waddington. Sheet Metal Industries, vol. 15, no 
170 (June 1941), pp. 797-798 and 800 

Welds, Stress Relief. Portable Stress-Reliever Controlled Auto- 
matically. Steel, vol. 108, no. 26 (June 30, 1941), pp. 72 and 74 

Welds. Testing. Weld Quality Checked Visually, A. Madson 
Iron Age, vol. 147, no. 26 (June 25, 1941), pp. 50-51 


Arc-Welded Wind Tunnel 
at Langley Field 


By A. F. Davis* 


HOWN in the accompanying illustrations are views 

of the completed wind tunnel at Langley Field, 

Virginia, and some of the large welded parts. 
Fabrication of this structure was by Pittsburgh Des 
Moines Steel Company, Neville Island, Pittsburgh, 
Pennsylvania. 

Illustrations show: Fig. 1, the complete structure; 
Fig. 2, entrance door to test room; Fig. 3, high velocity 
intake section; Fig. 4, a corner section of the girder and 
vanes; Fig. 5, the arc welded de-compression chamber 
through which workers pass entering and leaving the 
tunnel while it is in operation. 


* Vice-President, The Lincoln Electric Company, Cleveland, Ohio 
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Fig. 1—New Wind Tunnel Recently Completed at Langley Field, 
Virginia 
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Never too busy to be 


Good Neighbors 


ADVERTISING 


Tere are a lot of workers in the 
Bell System about 350.000 of 
them. That’s a big family and it 
likes to be a friendly kind of 
family. 

Whether it be the installer in 
the house, the people in our 
offices, the operators or the line- 
man on the roadside helping to 
rescue a stray kitten for a worried 
youngster, telephone workers are 
close to the public and the tradi- 
tion of the job is helpfulness. 

Even in these days when the 
needs of defense place sudden 
and increasing demands on tele- 
phone workers, they are never 


too busy to be good neighbors. 


ry 


Bell Telephone System 


“The Telephone Hour” is hroade ast every 
Monday. (N. B.C. Red Network, 8 P.M.. 


Eastern Daylight Saving Time.) 
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THE PRESIDENT'S MESSAGE 


What constitutes a proper training for 
engineering students is a question that 
never fails to bring out differences of 
view-points. Shall training be limited 
to fundamentals or must it be confined 
to applied subjects? Must the student 
be trained so that he immediately fits 
into some niche in industry or should 
industry expect to give some practical 
training before the young engineer is 
capable of productive work? Should 
students specialize on the type of func- 
tional work they wish to enter or should 
the young engineer seek the type of engi- 
neering work only after he has served 
an internship in industry? Other ques- 
tions might be raised only to disclose 
no unanimity of thought 

The only result of this fluidity of 
thought can be uncertainty in our edu- 
cational institutions as to how engineers 
should be trained. Some of our institu- 
tions may have fixed opinions and policies 
but they are not standardized. In this 
freedom of thought and individual de- 
velopment there is an opportunity for 
the student in a dynamic industrial so- 
ciety, but a serious handicap in a standard- 
ized mature society. Unless we have the 
courage to foresee an ever-changing world 
of new frontiers and new horizons, we 
should not teach our students to think; 
we need train them only to operate what 
has already been developed. 

In a branch of engineering as infant as 
welding these and many other questions 
may be raised as to the training of the 
future welding engineer. There is the 
right to use the term welding engineer 
because we have specialists in this field. 
We have engineers whose professional 
life is being devoted to that one branch 
of industry. These specialists were not 
trained in welding for it is only recently 
that some engineering schools have offered 
courses in welding. But with a back- 
ground of training in various fields of 
engineering they have become experts 
and are carrying on the development of 
welding at a rapid pace. The technical 
literature of the past decade indicates 
the rate of progress. The list of research 
problems still untouched is proof that 
the welding engineer has the imagination 
to visualize what scientific facts and 
relationships are essential to rationalize 
the art of welding and its applications 

Possibly we are approaching the de- 
velopment of engineering from the wrong 
direction. Our progress in the arts and 
sciences and their applications in industry 
would be far more rapid and the economy 
of industry would be far greater if the 








ACTIVITIES 


ng Si 


industrial executive could be given an 
adequate course of training through 
which he has a better appreciation of the 
value and application of engineering in 
its various phases 

Our engineering schools are devising 
various methods to keep abreast of the 
developments of science and engineering. 
Of course it cannot be expected that our 
training courses will be on the level of 
scientific and engineering practice in 
industry. Numerous conferences have 
been organized by our schools with the 
objective of bringing instruction close 
to the level of industrial application 

In all industry the most important 
tool is the human brain. We have the 
record of accumulated knowledge but 
it is our fate that we must progress. We 
can well afford to devote some of our 
thinking on this question of training. It 
is insufficient for the educator alone to 
consider this problem. He has imperfect 
opportunity to observe the effects of the 
theory and practice of his training courses. 
The solution of these questions requires 
also the thinking and expression of the 
industrialist and his specialized engi- 
neering staff. 

It is the privilege and the duty of the 
AMERICAN WELDING SOCIETY to organize 
and foster conferences on such questions. 
Our Educational Committee will provide 
the forum for the expression of your views. 


1941-1942 OFFICERS 
AMERICAN WELDING SOCIETY 


Since no nominations other than pro- 
posed by the Nominating Committee have 
been made by 25 qualified members, as 
prescribed by the By-Laws, the nomina- 
tion ballots are treated as election ballots 
Accordingly, the following have been 
elected to office for the year to begin on the 
adjournment of the 1941 Annual Meeting. 
These officers will be declared elected at 
the Business Session of the Annual Meet- 
ing 

President, G. F. Jenks, Colonel, Ord- 
nance Dept., U. S. Army, Washington, 
p.<. 

First Vice-President, K. L. Hansen, 
Consulting Electrical Engineer, Milwau- 
kee, Wis. 

Second Vice-President, David Arnott, 
Vice-President, American Bureau of Ship 
ping, New York, N. Y 

Treasurer, O. B. J. Fraser, Director of 
Technical Service, International Nickel 
Co., New York, N. Y 

Directors at Large: Frank B. Bolte, 
Process Engineer, Boeing Aircraft Co., 
Seattle, Wash.; R. W. Clark, Welding 
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Engineer, General Electric Co., 
tady, N. Y.; F. L. Plummer, Resear; 
Engineer, Hammond Iron Works, Warre: 
Pa.; R. G. LeTourneau, President, R 
LeTourneau, Inc., Peoria, Ill 

District Vice-Presidents: New York ; 
and New England—E. R. Fish, Chie 
Eng., Boiler Div., Hartford Steam | 
Insp. & Ins. Co., Hartford, Conn. Mid 
Eastern—A. G. Bissell, Senior VW 
Engineer, Bureau of Ships, Navy | 
Washington, D. C Middle Ws: 
L. S. McPhee, Welding Supt., W! 2 
Corp., Harvey, Ill. Southern—J. A. Ha 
Engineer of Plate Construction, Kar 
City Structural Steel Co., Kansas ( 
Kans. Pacific Coast—N. F. Ward, A 
ciate Prof. M.E., University o/ ( 
Berkeley, Calif. 
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WELDING FELLOWSHIPS 


Two graduate fellowships in the 
structural steel welding research ar« 
abl@ at two leading universities 
East. Applicants should hold the | 
degree in Civil Engineering. The 
ents of these fellowships receive in 
nual stipend of $600 to $750 together with 
opportunity of working for the M.S. d 
gree with freedom from tuition fees 
holders are expected to devote on 
time to research programs approve 
the Structural Steel Welding Committ 
of the A. W. S. The research opportu 
ties and graduate study afford an excellent 
basis of training for later positions in t 
welding industry. Applicants should for 
ward complete qualifications immediate!) 
to Professor Bruce Johnston, Lehigh Um 
versity, Bethlehem, Pa., and Professo: 
F. M. McCullough, Carnegie Institut 
Technology, Pittsburgh, Pa. 





MEETING EXECUTIVE COMMITTEE 
AMERICAN WELDING SOCIETY 
JULY 23, 1941 


Present: President Jenks, C. A. Adams 
David Arnott, A. G. Bissell, H. C. Board 
man, R. W. Clark, E. V. David, O. B. J 
Fraser, George Mikhalapov (representing 
J. D. Gordon), H. O. Hill, D.S Jaocbus, 
L. S. Moisseiff, W. Spraragen, Techni 
Secretary, and M. M. Kelly, Secretar 
Finances 

In reviewing statements of asset 


liabilities for the 9 months’ period 
ing June 30, 1941, the Treasurer 





special attention to the betterment 0! — 
actual operations over budget by app! 
mately $4000 net. / 
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275,000,000 pounds is a lot of anything—especially weld- 
ing electrodes. 


But it’s not enough to serve the needs of the arc welding 


industry in 1941—even though this figure is approximately 
twice that of 1940! 





Through enlarged plant capacities (our own new plant, at 
East Chicago, Indiana, for instance, has doubled our 
production rate), new machines and additional shifts, 
electrode manufacturers are doing their best to meet the 
fast growing demands. 


In the meantime, electrode buyers can minimize the chance 
of not having electrodes on hand when needed by ordering 


electrodes at the same time that they order the steel for 
each job. 


lt is vitally important today to get maximum speed in 
welding production. Our engineers, trained in working 
with manufacturers in many industries, will be glad to 
give you the benefit of their wide experience in welding. 


METAL & THERMIT CORPORATION e« 120 BROADWAY, NEW YORK 


ALBANY e« CHICAGO e¢« PITTSBURGH e« SO. SAN FRANCISCO 


¢« TORONTO 
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Promotional Membership Literature 


A request of the Membership and Pub- 
licity Committees chairmen for an in- 
creased appropriation to get out an attrac- 
tive new membership folder was approved. 


A. W. S. Retirement System 

The Finance Committee recommended 
(1) that a Pension Plan be devised, that 
would involve a total payment by the So- 
ciety not to exceed $1000 annually at 
present, with an equal payment to be made 
by the employees of the Society, and (2) 
that a Pension Committee be appointed, 
consisting of 3 members, comprised of the 
Treasurer of the Society, a member of the 
Board of Directors and a representative 
of the Society employees, whose functions 
would be to consider and prepare a detail 
pension plan, administer its funds and 
make necessary investments; the pro 
posed plan to make provision for years of 
past service, for suspension of payments 
by the Society in lean years, and for equit- 
able adjustment when, as and if, Social 
Security Act requires diversion of financial 
support in such a manner as will not in 
crease the cost to the employer. 


Report of Special Committee to 
Technical Organization 


Study 


In reviewing the Committee’s recom- 
mendations, the Chairman stated that the 
principal change is the complete re-orien- 
tation of the Outline of Work Committee, 
now made up of 5 members of the Board of 
Directors, with the first or second vice 
president of the Society as Chairman, and 
as proposed, to be made up of the chairmen 
of the various technical committees, with 
a chairman and vice-chairman elected by 
its own members, but not necessarily from 
its members—these officers to be members 
of the Society and ex-officio members of 
the Executive Committee. 

At the present time the Executive Com- 
mittee and Board of Directors have the 
final word on the technical contents of 
standards. It is now proposed to leave 
the judgment of technical contents of 
standards solely to the technical commit- 


tee concerned, subject to the control of 
the Committee on Outline of Work. The 
purpose of the proposed change is to get 
useful results in the shortest possible time, 
to place responsibility for technical con- 
tents of standards in accordance with the 
practice of other standardization bodies, to 
simplify the standard work of the Society 
and to provide for a rational method by 
which the directorate may contact and 
direct the Society’s standards work 
Consideration was next given to the 
following proposed modifications of By 
Laws to put these principles into effect. 
Article VIII—Section 1 (j) 
on Outline of Work 
Functions.”’ 


“‘Committee 
Organization and 


The article as approved reads 

“A Committee on Outline of Work 
which shall consist of the Chairmen of all 
the Technical Committees of the So- 
ciety. It shall have a Chairman and a 
Vice-Chairman, who shall be members 
of the Society and shall be elected by the 
Committee’s membership, but not nec- 
essarily from its own ranks. These 
officers shall serve for a period of two 
years, and shall be ex-officio members 
of the Executive Committee. The 
Committee shall have a Secretary, who 
shall be the Technical Secretary of the 
Society.”’ 

“The scope of this Committee shall 
be: to promote the standardization 
activities of the Society; to recommend 
policy, scope and organization of such 
activities, and methods and means of 
cooperating with other standardization 
bodies, including the nomination of 
official representatives of the Society on 
committees of other societies or stand- 
ardization bodies; to pass upon recom- 
mended practices, standards and codes 
with respect to compliance with pre- 
scribed procedure and regulations; to 
decide questions of jurisdiction of Tech- 
nical Committees; to review annually 
(at the Annual Meeting of the Society) 
the progress of the Society’s standardi- 
zation work; and to act in an advisory 


capacity to the Board of Dir: 
respect to standardization progra; 


In respect to the new Outling 
Committee organization, it is ¢ , 
that the new Committee will dray 
rules under which it will operate 
deavor to arrange the agenda of eac} et. 
ing to include only subjects of interest +, 
certain groups, thus 
tendance of members only at certair 


necessitating 


ings 


Article VIII—Section 1 (k) 


‘Technical 
Committees” 


The paragraph as reworded read 


“(k) Technical Committees, not lip 
ited in number, the scope of each o 
which shall be: to establish an organj 
zation; to recommend the scope of i 
work and its committee membershi; 
to prepare and recommend the accept 
ance or withdrawal of standards and 
revisions thereof within its jurisdiction 
to report conflicts of jurisdiction t 
Committee on Outline of Work 
report on the progress of its work; and 
to carry out such other activities as may 
be approved by the Outline of Work 
Technical Committees shall 
according to the latest revision of Rules 
to Govern Organization, Functions and 
Operations of Technical Committees of 
the AMERICAN WELDING SOCIETY 
Further it was 

Voted: That the Rules of Procedur 
proposed by the Special Committee be 
approved in principle subject to editorial 
and other modifications required by t! 
actions taken at this meeting on th 
Report of the Special Committee ot 
Technical Organization and resubmitt 
to the Executive Committee and Board 
of Directors 


operate 


Certification of Welders 
For the guidance of the Public Relation 
Committee, it was, 
Voted: That under no condition shall 
the AMERICAN WELDING SOCIETY issut 
a Certificate to a welding operator, nor 
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Stoinless Steel Slasher Cylinders 
in the Textile Shops, Spartanburg, S. C. 
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support a plan for the certification of 
welding operators, that denies a fabrica 
tor the privilege of qualifying his own 
welding operators 


In regard to the qualification of weld 
ing operators for marine construction, 
Mr. Bissell reported that the Bureau of 
Ships, the Bureau of Marine Inspection 
and the American Bureau of Shipping 
are contemplating a reciprocal agreement 
whereby welding operators qualified for one 
Bureau would be qualified for the other 
In order that the full advantage of such 
agreement may be realized during the 
present emergency, it is planned by the 
Bureau of Marine Inspection and Naviga 
tion, American Bureau of Shipping and the 
Navy Department to hold a round-table 
discussion to consider universal acceptance 
of such agreement. To such conference 
will be invited representatives from the 
Coast Guard, War Department, A. S. M 
E. Boiler Code Committee, A. S. A. Pres- 
sure Piping Committee, A. P. I.-A. S. M 
E. Unfired Pressure Vessel Code Com 
mittee, Hartford, Steam Boiler Inspec 
tion and Insurance Co., Fidelity and 
Casualty Company, Maryland Casualty 
Company, Lloyds Register of Shipping and 
the A. W. S. Committee on Standard 
Qualification Procedure. 


Meetings and Papers Committee 


The recommendation of the Meetings 
and Papers Committee for the dissolution 
of that Committee and for the creation of 
two separate committees, one on Meeting 
Programs, and the other on Publications 
was approved 


Recommendations of Outline of Work 
Committee 


The recommendations of the Committee 
on Outline of Work for the following ad 
ditions to the Resistance Welding Stand 
ards Committee were approved: 

H. P. Heath, Western Electric Co., to 
replace F. E. Henderson of the same 
company; L. E. Earnest, Solar Air 
craft Co., Lindbergh Field, San Diego, 
Calif.; W. J. Van den Akker, Ryan 
Aeronautieal Co., San Diego; H. L 
Chiles, Lockheed Aircraft Corp., Bur 
bank, Calif.; V.N. Krivobok, Lockheed 
Aircraft Corp., Burbank, Calif.; P 
Altman, Vultee Aircraft, Detroit, Mich 
The publication of Report on Thermal 

Stresses and Shrinkage in Welded Ship 
Construction was authorized 


A. W. S.-A. W. W. A. Tentative Specifica 
tron for Elevated Steel Water Tanks, 
Stand pipes and Reservoirs 

It was voted that the recommendation 
to advance from a Tentative Standard to 
a Standard, the A. W. S.-A. W. W. A 
Specification for Elevated Steel Water 
Tanks, Stand pipes and Reservoirs, be ap- 
proved 


Welded Bridge Specifications 

It was reported that the revised Welded 
Bridge Specifications have been set up in 
type and it is the plan to submit them to 
the Outline of Work Committee and the 
Executive Committee for approval by let- 
ter ballot 
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Code of Minimum Requirements for In- 
struction of Welding Operators 


Because of the serious and immediate 
need for this code in connection with the 
National Defense Training Programs, it 
was recommended in this instance to fol 
low the new Rules of Procedure govern 
ing Technical Committees, namely, when 
the rules are turned over by the Commit 
tee on Minimum Requirements, and have 
been approved by the Outline of Work 
Committee, to publish them in the 
Society JouRNAL for the purpose of secur 
ing comments 


Yearbook Publication 


The Publications Committee offered the 
following recommendations: 

That the Yearbook be published as 
Section 2 of the December WELDING 
JOURNAL and of the same page size as 
the JOURNAL in order to take advantage 
of the low mailing cost (second class 
mailing rates), and the reduced print- 
ing cost resulting from having the book 
printed of the same page size as the 
JOURNAL; that the Yearbook be fur- 
nished to all members of the Society 
Upon motion duly seconded, these were 
approved. 


By-Law Amendments 


Inasmuch as proposed By-Law changes 
are submitted to the membership of the 
Society for vote by letter ballot they are 
not reproduced here. 


Section Advisory Committee 

Voted: To approve the following 
addition to Article VIII, Section 1 (0), 
“‘A Section Advisory Committee to act 
in an advisory capacity to the Board of 
Directors in all matters pertaining to 
the activities of the Sections of the So- 
ciety, and to be responsible for planning 
and conducting Section Officers Con- 
ferences. The Committee to consist of 
six members who are not directors of the 
Society; two members to be appointed 
for a term of one year; two members for 
a term of two years; and two members 
for a term of three years; twonew mem- 
bers to be appointed each year there- 
after for a term of three years. Nomem 
ber is to be reappointed until at least 
one year has elapsed since the comple- 
tion of his last term.” 


Resistance Welding Advisory Committee 

For the time being it was felt that the 
Committee should be included in the Year- 
book under the caption ‘‘Advisory Com- 
mittees’’ and that the organization and 
scope should be as follows: 


“A resistance Welding Advisory Com 
mittee to make to the Executive Com- 
mittee such recommendations as may 
insure the most efficient utilization of the 
A. W.S. for the advancement of the art 
and science of resistance welding, the 
Committee to consist of six members: 
two members to be appointed for a term 
of one year; two members for a term of 
two years; and two members for a term 


THE WELDING JOURNAL 


of three years. No member is } 
appointed until at least one y 
elapsed since the completion of | 
year.’”’ 


INDUSTRIAL SPECIALISTS MAY STILL 
APPLY FOR GOVERNMENT JOBS 


The Government continues its 
for specialists in all branches of ir 


tstry 
and business. The Federal Civil Sery; 
examination for Industrial Specialis; 
announced on July 7th, has been amende, 


to remain open for receipt of applic stions 
until further notice 

The National Defense Program 
men with experience in one or more of t} 
following fields: 


Iron and steel 
Non-ferrous metals 
Machine tools 
Ordnance 
Aircraft, marine and automotive 
ment 
Railroad repair shops 
Radio and other electrical equipment, 
supplies and apparatus 
Textiles 
Forest products 
Paper 
Printing and publishing 
Chemicals and allied products 
Plastics 
Petroleum and coal products 
Rubber products 
Stone, clay and glass products 
Leather and its manufactures 
Food and kindred products 
° 


Salaries range from $2600 to $560) 
the various grades. No written exai 
nation is given. Application forms may 
be obtained from Civil Service Representa 
tives at any first- or second-class p 
office or at a Civil Service District Off 


AMENDMENTS OF BY-LAWS 


The recent proposed ammendment 
the By-Laws submitted to the men 
ship for letter ballot vote have been 
proved. These cover changes in Art 
III, Section 3, Organization; Article 
Section 5, District Meetings; additio1 
sections governing Conventions, Ma! 
facturers, Publicity and Public Relat! 
Committees, and Article [X, Exhibitior 
These changes will be incorporated in t 
By-Laws to be published in the Y 
Book of the Society in December 


SEAM WELDERS 


A very attractive bulletin on ‘‘S 
Welders” has just been issued by 
Taylor-Winfield Company. This pa 
phlet describes the general specificatior 
types and equipment available, and a 
gives some important engineering sea 
welding data. Copies are availabl 
request 
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Fractured spokes of 24 ft. 

flywheel repair-welded with 
Anaconda 997 Low-Fuming 
Bronze Rod in 56 man hours 


When two spokes of this giant flywheel 
were broken, it appeared as though a 
blast furnace with scheduled defense pro- 
duction would be out of operation for 
a long time. 


The Hebeler Welding Company, 





Buftalo, was called in as soon as it was 


learned that a new wheel probably could 
not be delivered for a full year 

In just 56 man hours, the Hebeler 
men completed the job with about 300 
pounds of Anaconda 997 Low-Fuming 
Welding Rod. An insurance company 
then insured the repaired wheel, which 
once again proves the statement that 
good workmanship plus a good mate- 


rial equals dollars —and time — saved! 


BTA 


 Ayaconda Welding Koda 


THE AMERICAN BRASS COMPANY, General Offices: Waterbury, Connectucut 


In Canada: Anaconda 


ADVERTISING 


imerican Brass Ltd., New Toronto, Ont. ¢ Subsidiary of Anaconda Copper Mining Company 














* Order Yours Today 
* Handy Vest-pocket Size 





WELDERULE eo), 


* Another G-E Welding Service That 


Saves You Time, Money, and Material 


The WELDERULE Tells at a Glance: 


(1) Weld footage obtainable from popular types and sizes of G-E arc-welding 


electrodes when applied to commonly used types and sizes of joints 


(2) Weight of deposited weld metal obtainable per 100 lb of electrodes so that 


weld footage can easily be calculated for unlisted and unusual types of joints. 


(3) Types of electrodes which meet the various classes of filler metal as speci- 
fied by A.W.S. 


Here’s How It Works— 


Merely pull the slide to show the type and size of electrode being used and— 
Read the weld footage opposite the type and size of joint to be made or— 


Read the weight of deposited weld metal obtainable per 100 lb of electrode. 


Who Needs the WELDERULE— 


Designers, architects, supervisors, operators, and foremen—to save time in es- 
timating quantities of electrodes required for different jobs, also in estimating 
welding costs. 

Purchasing agents and production men—to help correlate buying and de- 
livery schedules with production requirements, thus assuring adequate 
supplies without excesses. 


Mail the coupon or call or write your local G-E arc welding distributor today. 
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FOUND—A NUMBER OF KEYS service in the New York sales department Mr. Lassen became affiliated 
; before going to Toronto five years ago. General Electric in 1934 as a “‘testman 
On July 22nd there was found on Michi He is taking charge of all company sales after being graduated from North Car 
gan Ave » € hicago, a number of keys ona work cénmerted with the diversmith and lina State University with a Bach 
chain : Since this chain also ‘ arried a jewelry industries, as well as the growing Science degree in Mechanical Engin : 
aeabbenss medal from the 1939 Golf Pour industrial work in which the company is After completing test, he was trans! 
sementldie ines A.W: Btasven Som angst (othe job of Handling G-E adverts 
Welding Engineer, 506 South Wabash and sales premeatsen - welding, 
i 5 , being transferred to the company’s Ney 
Ave., Chicago, Il ROBERT M. MAINS JOINS LEHIGH LAB. York Office, where he was closely asso 
Mr. Robert M. Mains, formerly in- ciated with the sales promotion activities 
structor at the Missouri School of Mines, of General Electric S agems and ai 
FISHER JOINS PROGRESSIVE has been appointed Engineer of Tests welding distributors in that territory 
WELDER CO. at the Fritz Engineering Laboratory of Previous to his new appointment, Mr 
oS as ‘ Lehigh University. He will take up his Lassen was engaged in welding applica 
Edwin Fisher, associated for the past " 


duties on September Ist and succeeds Mr. tion engineering work at Schenectady 
Howard J. Godfrey, who has returned to 
John A. Roebling Sons Company in their 
research and development department. 
Dr. Bruce Johnston, previously Assistant 


thirteen years with the Cadillac Motor 
Car Company, and for the past four years 
Manager of Cadillac Jefferson Ave. Branch 
in the Detroit Area, has resigned from 


RESISTANCE WELDING DATA BOOK 
G. M. to join Progressive Welder Com 


, . i Director of the Fritz Laboratory, has The second edition of the Resistance 
yany in an executive sales capacity . . . 
pany os Ceetee panes COl meee : been named Associate Director and As- Welding Data Book, devoted to the theory 
In his new connection, Mr. Fisher will . " AS. 38 The et . ; : : 
apbhy: sociate Professor of Civil Engineering. and practice of resistance welding, and 
assist in the development of sales of Pro nyse 
: . ‘ ' : i ae —— generally adopted by the welding industry 
gressive Welder’s resistance welding equip a teieatiidaiac dian te ela. tees tone 
. . , as é ex OOK O 26 7ecl, as StI 
ment in the middle Western area G. E. ADDS WELDING SPECIALIST IN cat he SS Oe rv & Gs 
issued by P. R. Mallory & Co., In 
NEW YORK DISTRICT ; ahs ‘ . 
Indianapolis, Indiana 
E. J. Lassen has been appointed man There are four sections in the new edi- 
HANDY & HARMAN SALES MANAGERS ager of General Electric welding sales for tion: (1) Fundamentals of Resistance 
the New York District, according to an Welding; (2) Materials to Be Welded 
Recent changes in the Handy & Harman announcement by G. H. Reid, manager (3) Alloys for Resistance Welding Applica 
organization have brought J. W. Colgan, of the G-E New York District Industrial tions; (4) Miscellaneous Tables 
formerly manager of Handy & Harman of Department. He will work with E. Vom Much new material has been added t 
Canada Ltd., Toronto, back to New York Steeg, Jr., G-E welding specialist, and bring the book up to date. Of particular 
in the capacity of sales manager of the with the Welding Engineering Sales Cor value to welding engineers, production 
parent company. Jack, as so many poration, G-E distributor, in serving ecutives and machine operators, the Data 
know him, is not a stranger to the trade northern New Jersey, New York State Book is available at no cost when 
in this country, having seen 17 years of and Connecticut quested on a company letterhead 
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DEPENDABLE 
EFFICIENT 


ECONOMICAL 





FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Lincolo Building NATIONAL CARBIDE CORPORATION New York, N. Y. 
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IF YOU CAN DO THIS WITH YOUR PRODUCT.... 














Keep these simple illustrations of 
Spot, Seam and Flash Welding in 


mind. 


They show what Resistance Weld- 
ing can do... why it can give you 
more and better production at lower 
cost... why more and more manu- 
facturers are turning to Resistance 
Welding to help solve metal joining 
or assembly problems. 


Welders are 
precision mass production machines 


Modern Resistance 


capable of turning out accurate, 


uniform work at high speed and low 
cost. They seldom require highly 
skilled operators of the type so hard 
to find today. They are available in 
an almost unlimited range of types 
and sizes to suit practically any 
product, material or production re- 


quirement. 


An experienced welding engineer, 
representing one of the member 
companies listed here, can tell you 
quickly just what Resistance Weld- 
ing will do for you. Why not call 


him in today? 


RESISTANCE WELDER 


MANUFACTURER’S 


305 Arch Street 


ASSOCIATION 


Philadelphia, Pa. 



















MEMBER COMPANIES 


Welding Machines Mfg. Company, Detroit, Mich 

Acme Electric Welder Compan Los Angeles, 
Calif 

American Electric Fusion Corporation, Chicago, 

l 

Eisler Engineering Compar Newark, N. J 

Expert Welding Machine Company Detroit 
Mich 

Federal Machine and Welder Company, Warren 
Ohio 

Multi-Hydromatic Welding nd Manufacturing 
Co., Detroit, Mict 

National Electric Welding Machines Co Bay 
City, Mich 

Progressive Welder Company, Detroit, Mict 

Swift Electric Welder Company, Detroit, Mich 

Tavlor-Hall Welding Corporation, Worcester 


Mass 
Taylor-Winfield Corporation, Warren, Ohio 
Thomson-Gibb Electric Welding Co., Lynn, Mass 


ASSOCIATE MEMBER COMPANIES 


P. R. Mallory and Co., Indianapolis, Ind 

S-M-S Corporation, Detroit, Mic! 

Electroloy, Inc., New York, N. ¥ 

Welding Sales and Engineering (C« Detroit 
Mich 
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BATTELLE RESEARCH ENGINEER 


C. B. Voldrich has been named a re 
search engineer on the technical staff of 
Battelle Memorial Institute, Columbus, 
Ohio, where he will assist in the Insti 
tute’s program of welding research 

Mr. Voldrich has had a wide experienc: 
Previous to join 
ing the Battelle staff, he was associated 


as a welding engineer 


for four years with the Navy’s Bureau of 
Ships. Earlier he was a research engineer 
with the A. O. Smith Corporation, Mil 
waukee, Wisconsin 

He is a graduate of Purdue University 
and the University of Wisconsin and is a 
member of The American Society for 
Metals, AMERICAN WELDING SOCIETY and 


SPEED-UP 
SPOT 
WELDING 


NEW Oakite cleaning process for aluminum 
helps you get MORE welds in less time! 


an associate member of Sigma Xi, national 
honorary science society 


AEROSPHERE 1941 


That aviation is rapidly becoming a 
major factor in our modern world will not 
be doubted by those who take the trouble 
to investigate the scope of its activities 
and the ramifications of its influence 
Aerosphere is a serious and successful at 
tempt to serve those who wish to obtain 
a broad perspective of the aviation in 
dustry 

Aerosphere 1941 embodies the whole 
world’s aviation—civil and military 

Aerosphere 1941 is published for the 
dual purpose of being a useful daily work 
ing tool in all branches of the aviation in 
dustry, and completely informative to 
the alert lay reader who searches for basic 
knowledge of our newest transporation 
medium and industrial colossus. The cur 
rent $6,000,000,000 backlog emphasizes 
and gives point to the purpose of, and need 
for, this second edition of Aer sphere 

Here are some who will particularly 
want Aerosphere 1941: Aviation Industry 
Executives, Engineers and Purchasing De 
partments; Transport Executives; Pri 
vate Pilots; U.S. Army and Navy Offi 
ials; Foreign Air Attaches; Students in 
all branches of learning Journalists 
Mechanics; Advertising Agencies Ex 
port Representatives Airport Repair 
Publishers of all kinds of Books, 
Periodicals and Newspapers 


Shops; 
College and 


Public Libraries; Financial houses; Mo 


tion Picture Directors and Produ 
and many others! Every person w 
need to refer to, or study about, anything 
aeronautical the world over should 
Aerosphere 1941 

For further information write to Aircrat 
Publications, 370 Lexington Avenue, Noe, 
York City 


STEEL CUTTER HEADS 


Steel cutter heads, in operation 24 hoy; 
every day at the Fort Peck project }; 
Montana, required repairs every thre 
weeks. The heads mixed the dirt and 
water, as well as operating as a digger 
Cutter heads were mounted on the end 
of a 40-foot ladder—the completed as 
sembly weighing over 90 tons. Heads 
were removed and the blades built uw 
If the digging was extremely diffi ult 
teeth were added to the blades—length 
ening the life of each head by several days 


urtesy Hobart Brother 


For SAFETY 








If you are spot welding aluminum alloy structures or 
assemblies, you can easily SPEED-UP PRODUC- 
TION by using a newly developed, practical Oakite 
process that successfully prepares metal surfaces 
for this operation. Interesting data mailed FREE 
to those requesting it on their business letterhead. 


OAKITE PRODUCTS, INC., 18E Thames Street, NEW YORK, N. Y. 


EANING 


EANIN 


\ 


> REQUIREMENT 


THE WELDING JOURNAL 


SLED 
ECONOMY 


MANIFOLDS 
REGULATORS 
VALVES and 
FITTINGS 


to control high 
pressure gases 


“*-BASTIAN- BLESSING” 


282 E. ONTARIO ST. 


CHICAGO 


Pioneers and Manufacturers of Precision Equipment for 
Using and Controlling High Pressure Gases 
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We offer a 


definite service 
to the welding 


industry! 


fbn first thing we do when we want to help you do away with to help you tak: ut of weld 
produce a steel is to study its costly, time-wasting shop experi Ing constructiol 

welding characteristics and qualifica- ments. For this ré ason, We Maintain Bring your weldin 

tions, in order that we can recom- a staff of experienced welding engi let our weldin 

mend a definite range of uses. It neers who determine just where and and help you 

is our particular interest to help how the special steels we produce will Call or writ 

you insure the success of every difh- best serve in all types of welding con- plete informatio 

cult welding job you undertake. We struction. [his service is provided they are capal 


U'S'S ROLLED STEELS for WELDING 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburg 
Uss COLUMBIA STEEL COMPANY, San Francis: 
~ TENNESSEE COAL, IRON & RAILROAD COMPANY, Bir 


nited States Steel Export Company, New York 
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ARMY SHOP TRUCK 



































































































MAitorY 


Resistance Welding Vata Book 




















Your technical library is 
incomplete if it does not 
include this comprehensive 
reference prepared by the 
outstanding technicians in 
the field of resistance weld- 
ing. Write for your copy 
today. 



































P. R. MALLORY & CO., Inc., Indi 


Pictured above is the Army’s newest 
shop truck, shown by courtesy of Hobart 
Brothers Company, Troy, Ohio 
unit contains a lathe, brake reliner, power 
generator and arc welder, valve refacer, 
vise drill stand and grinder. These effi 
cient mobile shops enable Army machines 
to go wherever there is trouble 
many valuable minutes of repair time 


saving 





It shows sheet 


Each 


Plant ays 
The vintendent 5 
Sup ductio® oo up- 
“Our pro definite 


n @ ted 
s take adoPp 
has since = » szed 


wallory — — 
Weldins sa 


Reduce the “‘down time” 
necessary for redressing and 
replacement to a minimum. 
Eliminate the “down time” 
caused by waiting for the 
completion of —— orders 
.-. and any production curve 
is bound to take an up- 
swing. And that is exactly 
what has been accomplished 
through Mallory’s program 
of standardization of welding 
electrodes. 

The experience gained through limit- 
leas field practice has clearly defined 
every requirement for greater weld- 
ing electrode efficiency . M allory 
Welding Electrodes are definitely 
better because of it. Add to this Mal- 
lory’s tremendous and continuing 
investment in research and collabo- 
ration with welding machine manu- 
facturers and you have the reasons 
behind the superiority of Mallory 
Welding Electrodes. Don’t forego their 
advantages. Get all the details now 
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Indi ®@ Cable Address — PELMALLO 





mmm MALLORY pees 
RESISTANCE WELDING ELECTRODES. 


WELDING ON THE BUILDING FRONT 


graph bears out the fac t. 
metal panels being 
welded in place on the 


Photo c 





Office addition. Welding on the 
Because of its timely importance, the story roof of this building required 
defense front has been the object of the of cable to permit “long distance 


current welding limelight almost exclu 
attention has had STEEL “STITCHING 
no effect, however, in slowing the progress 


of welding on the building front Che Four hundred freight cars can 


same speedy welding methods that aré structed each month with this giar 
applied to today’s submarines and freight welding apparatus which titche 
ers are being used more and more widely parts together with electric pow 

on skyscrapers and factories his photo operator here is pushing buttons of 


Milwaukee Post 


y Westiughouse Electric & Mf 
apparatus which sends 20,000 amperes o 
electric current through 75 welding el 
trodes in rapid succession to weld parts of 
the sides or top of a freight car. A sick 
of a car may be seen entering the machin 
at the right. Cars constructed by 5; 
welding are more durable and can carry 
three tons more freight apiece than rivet 
cars, according to engineers of the An 
can Car and Foundry Company, whi 


urtesy Harnischfeger Corp uses this apparatus 


SHAWINIGAN 
CARBIDE- 


or 
OXY-ACETYLENE WELDING 


D CUTTING OF METALS 


~~ SHAWINIGAN PRODUCTS 
: ) CORPORATION 


EMPIRE STATE 2UILDING 
NEW YORK WY. 








Buy **Proven Fluxes”? with Years of 
Guaranteed Satisfaction behind them 


The Trade-Name is **ANTI-BORAX” 
isk for Them Unequalled for Quality 


A Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for bronze-welding cast iron; **ABC’’ Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; ‘‘Anti-Borax’’ Tinning 
Compound No. Il. 





Send for Free Samples 


ANTI-BORAX COMPOUND COMPANY 


Fort Wayne, Indiana 
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I a. ¢ —o ~- les beans . 
HE increasingiy St vent demands 
























put upon industry—particularly in 
all branches of metal working—have made 
it almost mandatory that X-Ray be used 


for inspection and examination 


Proven in the field of Medicine and in 
the Metallurgical Laboratory, X-Ray i 

spection equipment is al invaluable for 
industrial use. Here X-Ray provides fo 


accurate examination by disclosing hidden 


defects in castings of aluminum, steel, 
grey iron, malleable iron or bronze and 


by detecting small or major flaws in all 
welding procedure all without interfer 


ing with the praglucti 


ij, | | DETECTS 


, as little as 


<= 
Aude 
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HIDDEN FLAWS 








“eo 
TSA 























4 Z will 
— Sel ahead ie 
INDUSTRIAL X-RAY EQUIPMENT Me 
Industry—requisitioning the X-Ray for inspection—must pe ne tee 
decide which X-Ray equipment will be most profitable, sor. Can be 
most economical, and best adapted for each individual to any 110 
need. Here is where experience and reputation count. We a Vo external 
are pioneer makers of X-Ray apparatus and have been ss 
specialists in it for 41 years. The making of X-Ray equip- 
ment is our sole business. oon 
Because of this specialized experience we are equipped ss ; : 
to meet the demands of industry and we have available various types «:_ The Kelley-Koett Mfg. Co . 
and sizes applicable to the metal industry. Our engineers are at your 218 West Fourth Stree! . 
ervice to advise you how a Keleket unit can solve your in nection pei ; 
blems—whether in the use of one of our regular, standard unit Reieket | 
or in creating and building a unit tailored to fit your specific needs i 
For further information, mail the coupon , 


THE KELLEY-KOETT MFG. CO., COVINGTON, KENTUCKY 


REPRESENTATIVES IN 64 CITIES 
Pioneer Creators of Ouality X-Ray Equipment Sines IQO0O 
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BY WELDING IN U. S. MARITIME 705- 
SHIP BUILDING PROGRAM 


Saving of more than a half million tons 
of steel and an increase of a half million 
tons in cargo carrying capacity over con 
ventional methods of construction are 
being accomplished by use of welding in 
the 705-ship building program of the 
United States Maritime Commission, it 
was pointed out by The James F 
Lincoln Arc Welding Foundation, based 
on a report of the Commission in Wash 
ington 

In the Commission’s statement the 
steel saving amounts to $24,300,000 and 
is sufficient to construct 227 extra cargo 
vessels. It was stated that 2,196,000 
tons are required for the current program 
utilizing welding, whereas under World 
War I conditions, when welding was not 
used, the same number of ships would re 
quire 2,775,000 tons 

The Commission’s complete statement 
follows 

“Saving of more than a half million 
tons of steel is the contribution of modern 
ship designing and construction to the 
Maritime Commission’s tremendous ship 
building program now under way 

‘That is the amount of steel that is be 
ing conserved in the construction of 705 
Commission-designed ships by introduc 
tion and employment of methods not 
known in the first World War when this 
country made its last great shipbuilding 
effort 

“If the 705 merchant ships were built 
under World War conditions 2,775,000 
short tons of steel would have been re 
quired. But today, under the most 
modern methods, they will require about 
2,196,000 short tons 

“With steel selling at about $42 a 
short ton, the saving amounts to $24, 
300,000 

“Since the last war, naval architects 
have been on the alert for any chance to 
save weight in the construction of ships 
Any saving in steel means less steel to 
buy, less material to handle, greater 
cargo-carrying capacity, and more econ 
omy in operation 

“The greatest single weight-saving ad 
vance has been the introduction of weld 
ing. This has so replaced riveting that, 
today, entire ships are being turned out 
without a single rivet 


HALF MILLION TONS OF STEEL SAVED 


Typical Examples of Ship Steel Saved by Welded Construction 


Type of S 
Vessel Vessel Yard Where Built Length Say 
Dolomite I Freighter Dolomite Marine Corp., Rochester, 213 ft. 10 in 2 
N. Y 
{/goma Tugboat Sturgeon Bay Shipbuilding & Dry- 45 ft 


dock Co., Sturgeon Bay, Wis 


Towboat 


Norfolk Freighter Great Lakes 


Rouge, Mich 
Merritt-Chapman 


Patty Nolan Tugboat 


Sturgeon Bay Shipbuilding & Dry 
dock Co., Sturgeon Bay, Wis 


165 ft 7 
Engineering, River 300 ft 
& Scott, New 45 ft 5 


York, N Y 

Studerus lanker United Dry Docks Co., Brooklyn, 64 ft. 7 in 2 
N. Y. 

Lewts Tugboat Hanson Marine Ways, Galveston, 55 ft 15 
Tex 

Betty H Tugboat Eliot Shipyard, Houston, Tex 70 ft 


Tanker 


Federal Shipbuilding & Drydock 


Company, Kearney, N. J 


‘A riveted ship is like one that is sewn 
together with thousands of tiny stitches 
with an accurately punched hole in each 
of the pieces joined at every stitch. The 
pieces joined must lap each other for the 
rivets toconnect them 

“With a welded ship the laps and 
connecting pieces are largely eliminated 
and the hull acts as one unit rather than 
thousands of small parts tied together. 
There is a certain reduction in the fric- 
tion caused by welded hulls as they glide 
through the water 

‘Every piece of steel used in ships to- 
day is carefully examined to see if it can 
be eliminated or redesigned in a simpler 
or lighter form 

‘The half million tons of steel that is 
saved is important in many ways. Since 
the ships are that much lighter it means 
that an extra half million tons of cargo 
can be carried by these 705 ships in a 
trip 

‘Then, too, if desired, 227 extra Liberty 
Fleet cargo ships could be constructed 
out of the half million tons of steel 
These ships moving together could carry 
2,000,000 tons of cargo per trip.”’ 

Used widely in naval and merchant 
vessel construction under government 
supervision, welding is also rapidly re- 
placing older structural methods in com- 
mercial programs of private owners be 
cause of its inherent advantages, accord 
ing to the Lincoln Foundation 

From its files on welding, the Founda- 
tion cited typical examples showing steel 


savings in ship construction ranging f: 
7'/. to 25% and averaging 15.9% ov 
riveting 

Performing the vital service of conse: 
ing steel in the gigantic defens« 
building program, thus freeing the pr 
cious metal for other primary defer 
needs, welding has made another 
tribution of tremendous significancs 
the National Emergency. According 
the Foundation, welded ships are built 
25% less time than riveted vessels Th 
would mean that a tanker which normally 
requires 6 months to construct by con 
ventional riveting, could be built in k 
than 5 months 

That welding is speeding ship constru 
tion is attested by records in many yard 
where naval and merchant vessels are 
ing completed months ahead of contra 
delivery dates 


REPAIR OF CARGO VESSELS 


The main engines of damaged Ax 
cargo vessels are repaired without removal 
from the ships. In spite of the sever 
damage to the main engines and other 
vital control parts of the German and 
Italian cargo vessels which the United 
States Government took over last April 
repair work is being speeded to the point 
where a number of these ships will agai 
be in service by the middle of the summer 
Figures 1 to 3 were taken on the Italian 
freighters San Giuseppe and Vittorin 
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STULZ-SICKELS CO Sole 


Producers 





SAVE MONEY ...BY WELDING 


Gyratory and Roll 
Crushers, Shovel Teeth, Hammers, 
Tractor Tread Grousers 


AY | Y ~ Y | 
MANGANAL 
Reg. U. S. Pat. Office. U. S. Patents 1,876,738—1,947,167—2,021 945 


11 to 13% Manganese Nickel Steel 


WELDING ELECTRODES, WEDGE and 
APPLICATOR BARS, HOT ROLLED PLATES 


134-142 Lafayette St., 


Sold Thru Distributors Only 





Newark, N. d. 
















PIPE WELDING TOOLS THAT MAKE 


WELDING PAY 


Pipe Clamps 
Flange Clamps 
Elbow Clamps 
Angle Clamps 
Pipe Markers 
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TWO SIZES 
4 to 8 in 8 to 16in 
Light—Adjustable—Fast 


The Jewel System ef Pipe and Fit- 


ting Erection Ready for the Weld 
CUTS ERECTION COSTS 

Keeps the Welder Welding Instead of Waiting 
JEWEL MANUFACTURING COMPANY 


1841 University Ave., St. Paul, Minn. 
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AND 


There has never been a greater need for the 
National Metal Exposition & Congress than in this 
year of gigantic defense preparations. This National 
Exhibit affords the quickest and most satisfactory 
way to show thousands of defense producers the 
newest materials, processes, and equipment for 
speeding defense work in the metal industry. 

Many of the 35,000 men who will attend the Phila- 


IMPORTANT 
NECESSARY 


METAL SHOW EVER HELD! 


PHILADELPHIA — OCTOBER 20-24 


MEETS A VITAL NEED 


| 





delphia Exposition have found in the present emer- 
gency that they must specify and use materials with 
which they are not too familiar. At the Exposition 
these men can see on display and in operation the 
products of 275 leading manufacturers in the metal 
industry. Five days at the Show may save five 
months production time for the companies these men 
represent. 


GOVERNMENT EXECUTIVES TO TALK 


Sessions at the Metal Congress held in conjunc- 
tion with the Exposition by four leading technical 
societies will be pointed toward defense production. 
Each morning a leading Government executive will 
discuss progress and requirements in Army, Navy 
and Aircraft production. In the afternoon, round- 
table sessions on various aspects of defense produc- 


tion in the metal industries will be conducted by 
armament experts. Societies cooperating in the 
Metal Congress are: American Welding Society, 
American Society for Metals, Wire Association, Iron 
& Steel Division and Institute of Metals Division, 
American Institute of Mining and Metallurgical 
Engineers. 


EXHIBITORS PLAN BUSY WEEK 


The records show that in 1941 more people than 
ever before are attending industrial expositions. 
Anticipating a crowd as large and influential as 
the 35,000 who attended last year’s Metal Exposition, 
National Metal manufacturers plan an active and 
beneficial week during the Show. 


Advance reservations are the heaviest in history: 
however, choice locations are still available at the 
regular $1.00 a square foot rate, so write, telephone 
or wire collect today for floor plan and full particu- 
lars. Address: W. H. Eisenman, Secretary, American 
Society for Metals, 7318 Euclid Avenue, Cleveland, 
Ohio. 
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Photos courtesy 


f The Linde Air Products Compan 


Figure 1 shows how bronze welding has 
made possible the repair of the main en 
gines without the necessity for removing 
these engines from the ships 

On each ship, U-shaped sections had 
been broken out of the walls of the inter 
mediate pressure cylinders just below the 
steam ports. After new sections were cast 
to fit the contour of the breaks, they were 
bronze welded in place as shown in Fig. 2 
Starting at the bottom of the U, the opera 
tor alternated from one side to the other 
every 3 in., first half-filling the vee, peen 
ing the deposited metal, then completing 
the weld and peening. This procedure 
minimized contraction stresses on cooling 

Figure 3 is one of the completed welds 
following rough-boring. Other parts on 
these ships which were repaired by bronz« 
welding include main engine valves, cylin 
der heads, fire pumps, air pumps, feed 
pumps, foundation columns and steering 
engines soth the San Giuseppe and the 
Vittorim are under the protective custody 
of the Treasury Department, with repair 
work being supervised by the Maintenance 
and Repair Division of the U. S. Maritime 
Commission 


STREETCAR TRACKS 


Indications are that a tightness in 
available scrap, especially of the proper 
grade, is becoming a serious threat to the 
national defense program through forcing 
a curtailment of steel ingot production 


Steel mills cannot produce full-capacity 
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tonnage because they must use low-grade 
melting steel; and they are being forced 
to dip deeply into their inventories of 
scrap, reducing them to an abnormally 

ld 


normally be building up their stocks for 


low point, at a time when they wou 


the winter months 

In the light of this condition, a thought 
should be passed on to steel mills, munici 
palities and various types of traction 
companies, pointing out that thousand 
of tons of scrap rail can be obtained by the 
removal of 


abandoned streetcar tracks 















































































Photos courtesy The Linde Air Products (¢ 












A Portable, Oxyacetylene Cutting Machine, 

Operating on a Special Track, Can Be Used 

to Cut Away Abandoned Streetcar Rail. A 

Cut Section of the Rail Is Shown in the Left 
Foreground 


which are now embedded, unused, in the 
streets of hundreds of cities throughout 
the country. Furthermore, the removal 
of these rails can be economical and 
efficient through a method recently de 
veloped, in which a portable, oxyacetylene 
cutting machine is used 

Aside from the simplicity and high speed 
of cutting, which make this method so 
efficient, there also are economies which 
can be realized from adopting this method 
It permits removal of the rail without 
breaking adjacent pavement, even when 
blocks oT 
brick have been laid flush with the top 


the asphalt, macadam, stone 





This Partially Cut Standard Straight Rail 
Indicates How a Single Cut Severs the Entire 


Rail Top from the Web. The Oxyacetylene 
Process Can Also Be Used to Cut the Rail 
to Charging-Box Size 
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of the rail Thus, evea from 


point of the municipality or the 

company, this method should be 

tive. Repaving costs are kept 

mum, and cost of removal is 

covered by the sale of t he scrap 
In thi 


is positioned on a special track 


method, the cutting 


more sections of such a track car 
o that the cutting operation can 
Che cuttis 


pipe of the machine is equipped y 


ried on continuously 


bevel-cutting nozzle, and a sin 
made at an angle along the groovy 
rail so that the top of the rail 

from the web in two longitudinal 


rhe cut rail can then be easily 
with a pinch bar 


ARC WELDING AT PARKER DAM 


Seven arc-welding operators gang uy 
a penstock section for the new Parker I 
power project, Bureau of Reclamatio 
the U.S. Department of the Interior: 
Parker Dam, California 

Employing the shielded arc proc 
electric welding, the huge penstock wa 
entirely field fabricated. Automati 
bon are welding by the ‘‘Electroni 
nado’ process was used extensively 
Bridge and Iron Com; 
Chicago, Illinois, did the fabricating 
welding of the penstock 


Chicago 





































































The Lincoln I 


Huge cylindrical segments were pla 


on power-driven rollers which turt 


the structure into position for welding 


PASSENGER-CARGO VESSEL 


America’s first all-welded steel pa 
ger-cargo vessel, African Comet, is show 
immediately after launching on June 281 
at the shipyards of the Ingalls Shipbu1l 
ing Corporation, Pascagoula, Miss 

The first of three ships of the same 
sign, type and size, the African Come t! 
autumn will enter the service of the Amer 
can South African Line which will operat 
the new luxury liners on a 16'/, day sche 
ule between New York and Capetow 
cutting nearly a 
schedules 


week from curre! 
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There is a cold certainty in the speed and accu- 
racy with which Hydromatic multiple spot 
welders convert sheet metal stampings into com- 
plete assemblies. Day in, and day out, in mass pro- 
duction, one assembly job off a Hydromatic looks 
and measures up exactly like any other. That's 
why—where real speed counts, where accuracy 
demands elimination of the human element—you 


will find more and more Hydromatics on the job. 


ILLUSTRATED ABOVE 


Cases for transporting loaded 25-lb. shell being 
assembly welded on a Progressive Hydro- 
matic at the rate of 180 an hour. There are 
some 24 spot-welds per case. Assembly 
must be rugged and accurate to meet dimen- 
sional specifications, hold shell securely 
and permit stacking of the loaded cases. 








aoe” A 


ae 


ONT GUESS 


For “mass” production, furthermore, these ma- 


chines will stack up against any other method 
of assembly as to cost of equipment and opera- 
tion. And you don’t have to wait six months or 
a year to get them either. Progressive’s new plant 
and expanded design facilities are designed to 
keep up with any anticipated resistance welding 
machine requirements by industry—for defense 


or reconstruction. 


BRANCH OFFICES 
CLEVELAND MILWAUKEI 
Frank Stockton K. W. Stroffregen 
DAYTON 
Frank Mackniesh 


PITTSBURGH 

Frank Stockton 

PHILADELPHIA ST. LOUIS 
D. J. Riddell 


Art Lewis 


DISTRIBUTORS 


MONTREAI SYRACUSE, N. ¥ 
Rudel Machinery Co., Ltd R. C. Neal Co 
614 St. Jamies St. W 569 S. Clinton 


LOS ANGELES ROCHESTER rORONTO 
Ducommon Metals & R. C. Neal Co Rudel Machinery Co 
Supply Co 46 Andrews St 137 Wellington St. W 
4890 S. Alameda SAN FRANCISCO WINDSOR 
Ducommon Metals & Rudel Machinery Co 
Supply Co 908 Security Bldg 


PROGRESSIVE WELDER CO. 


3050 East Outer Drive, Detroit, U.S.A. 


BUFFALO 
R. C. Neal Co 
76 Pearl St 
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Miami, Fla. This type of work requires 
very deep penetration since the welds are 
ie aa ground flush before painting. Arc weld- 
i ’ ing eliminates warpage and the necessity of 
unsightly braces. One-eighth in. elec 
trodes were used on the lighter parts and 

s-in. electrodes on the heavier Cost 
of the driveway gates is $150 while the 
walk gate costs $50 


























Phot courtesy General Fle 
Fig. 2—Interior of a Car at the Reading 
Company Shops 


Photo courtesy General Electric Company 





The African Comet and her sisterships, 
the African Meteor and African Planet, 
















construction and repair of all-stes 











have a displacement of 17,000 tons, an 
over-all length of 489 feet and luxurious 
accommodations for 116 passengers. The 


cars of 50-ton capacity at the R: 
Company Shops, Reading, Pa. Th 


ing Co., is now building 1500 of thes 
vessels will average better than 18 knots 


All three will utilize General Electric tur 
bines for propulsion and turbine genera 
tors for the auxiliary power 


for its own use, assembling 32 at 


a 
in its shop and completing 8 cars a 
Arc welding is now used exclusively 
the Reading Co. in the fabrica 
underframe, bolster and other assen 





















Prior to the recent application 


WELDED HEADER 


welding, riveting was used in the 











A typical and very efficient welding job 
on a high-pressure header is shown below 
rhe header carries 300 lb. pressure per 


struction of the cars It was found 








ever, that reduced costs were obtair 
through the use of welding, the 





square inch and is constructed of pipe 
with a °/,-in. wall and 14 in. in diameter 


tion of rivet heating resulting in 











dous savings 





A repair program involving 2000 
on which electric welding is done 
of riveting, is also in progress 


PYROMETRY 


By William P. Wood, A.N., M.S 
James M. Cork, Ph.D. Publishe 


McGraw-Hill Book Company, In 
a ee rent arc welders are being kept busy in the pages, price $3.00 










ALL-STEEL COAL CARS 


Fifteen portable 300-ampere direct-cur 

















Industrial developments during 
























. , last quarter century have made th 
he header was constructed by three pass 
curate measurement of temperatur« 


of the m 


welds using °/-in. rods. Perfect align 
ment on vertical flanges was an absolute 
necessity since the heads were welded to 
sections already in place. Welding job 
was performed by W. A. Hudson Boiler & 
Welding Co. of Chicago, for Marshall 


st important phases of the 






esses involving the production or ap] 













tion of heat In many plants th 
time of one or more skilled technicia: 
occupied in maintaining the pyror 




















Field & Co system This condition has been 
flected in colleges and universities by 
establishment of separate cours« 

ORNAMENTAL IRON WORK BY temperature measurements. Such cour 


ARC WELDING 


are usually offered by the Engineering 
Physics departments 





Pictured below are two beautiful works 
of ornamental iron designed and con 
structed by Pullen Metal Craftmen of 










a 
teh 


SILVER BRAZING 


Bulletin No. 12 of Handy & 
Harman, 82 Fulton Street, New Yor 
tells a complete detailed story about 
low-temperature silver brazing alloys 5 
Fos and Easy-Flo. The bulletin do 
more than just give the advantages th: 
alloys provide in making reliable, lov 
cost joints between metals. It also giv 


data that should be very helpful in put 











The new 













ting these alloys to use in a manuta 


. r’ ant ‘opies ay be obtain« 
Fig. 1—-Welding Being Done on One of the turer's plat Copies may be ob 
Cars on request 
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ANNUAL 
MEETING 


AMERICAN 


WELDING 


SOCIETY 
“Headgquahtohs : BELLEVUE STRATFORD 


E hubs: COMMERCIAL MUSEUM 


* 










Sessions devoted to NATIONAL DEFENSE, 
SHIPBUILDING, AIRCRAFT and AUTOMOTIVE 
INDUSTRIES and many other interesting and timely subjects. 


* 


In the light of the defense program and the many new develop- 
ments and applications of welding your attendance this year is 


more important than ever. You owe it to yourself to be present. 


AMERICAN WELDING SOCIETY 


33 West 39th Street, New York, N. Y. 
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A NEW TIME SAVER FOR ARC 
WELDING 


Engineers supervisors, purchasing 





S, operators ind all others who use or 
supervise the use of arc-welding electrodes 
will want a copy of the new General Electric 
rc Welderule because of the time it saves 
ing electrode requirements 
erating in a manner similar to a slide 

the Arc Welderule reads directly the 
length of arc-welded joints obtainable pet 


0 Ib I lectrode, also the pounds of 
weld metal deposited per 100 lb. of ele« 
trode Che information covers 11 diffe1 


mily used sizes and types of 
its; also 22 different sizes and types of 


popular el rodes in both the 14- and 18 


Although general data of a similar na 
ure has been published in bulletin form, 
the new Arc Welderule enables more a 


urate estimat ‘ 


s to be made because it ap- 


lies to specific types and sizes of elec 
odes. Being of vest-pocket size, it is also 
handier, easier and more convenient to use 
getting the answer quickly 

An additional feature of the Arc Weld 
erule is a selector chart which shows the 
various filler metal classifications as speci 
hed by the AMERICAN WELDING SOCIETY 
and the types of electrodes which meet 
these classifications. This new Arc Weld 
rule may be obtained from any local G-E 
Arc Welding Distributor, G-E Sales Office, 
or from General Electric Company, 
Schenectady, N. Y 


WELDING POSITIONER 


This machine is designed to expedite the 
welding of heavy machine parts or struc 
tural material by permitting downhand 
welding for all welds. This is made 
possible by revolving the piece to be 
welded through an area of 90° from the 


666 








NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 





horizontal and 360° about the center line 


of the piece to be welded. This revolving 
permits the piece to be always kept at the 
best angle to produce a good weld in the 
shortest possible time 

The movement of the table is controlled 
by push buttons within easy reach of the 
operator. The table moves in either 
direction and only operates while th 
push button is held down ro prevent 
the tilting of the entire unit beyond its 
predetermined limit, a limit switch is 
placed at each end of the travel. Asolen 
oid brake holds the machine in position 
when the current is off 

The table size is 13 ft. 11 in. in diameter 
and permits the attaching of large sections 
to it 

This unit was manufactured by the 
Mississippi Valley Structural Steel Com 
any, Melrose Park, Illinois 


CRATER ELIMINATOR 


Crater formation in metallic arc welding 
is known to be caused by abrupt breaking 
of the welding arc, which does not give the 
molten metal at the end of the deposit an 
opportunity to become free of gases and 
slag. The two outstanding characteristics 
of the deposited metal in the crater area 
are porosity and a distinct depression in 
the contour of the deposit. Wilson Welder 
& Metals Company, 60 East 42nd Street, 
New York City, announces the “Stroco’’ 
Electric Arc Crater Eliminator for us¢ 
where the presence of the typical crater at 
the end of a weld deposit is objectionable 

The ‘‘Stroco’’ Crater Eliminator is an 
auxiliary device which is mounted on the 
body of the arc-welding generator It is 
connected in series with the excitation 
field of the generator and controlled by a 
switch which enables the operator to cut 
it in and out of the excitation field circuit 
at will. When introduced into the circuit 
it functions as a variabie resistance of 
large enough capacity to build up the re- 
sistance in the excitation field and thus 
lower the excitation field, thereby making 
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it possible to reduce the curre 
gradually without disturbing th 
setting of the welding generat 
thus possible to accomplish a tay 
or a fading of the current insteg 
abrupt change. The weld depo 
under these conditions is free f1 
ity at the end and has a smoot 
contour instead of the typical de; 
Control of the “Stroco”’ Elimi: 


by means of a three-position button swi 
located on the electrode holder 
the usual progress of the weld, the swi 
is in the neutral position and th 
entirely inoperative. When the at 


is about to break his arc either b 

is approaching the end of one ek 
because he is approaching the 
weld, he presses the button backwa 
the “‘ON”’ position of the switch | 
This brings the ‘‘Stroco’’ Crater | 
tor into play and causes the ar 
out gradually until the are voltag 
comes so low that it can no longet 
any metal. In any case where the 

of the parts being joined become sma 
that it is desirable to reduce th 
density for a limited period, th 
can be retracted to make a slight red 
in the welding current and then advar 


1 


into the “OFF” position so that 





**Stroco”’ Electric Arc Crater Eliminator At 
tached to Wilson ‘‘Hornet’’ Arc Welding 
Generator 


mainder of the weld can be « omplete¢ 
reduced current: or, 1f he wants to retur 
to the original current, a release ol 
pressure on the button will let it swing 
the neutral position, which in turn w 
cause an increase of the welding curret 
its original value 


COMBINATION VALVES 


The new RegO 2580 and 2581 LI 
Valves, manufactured by The Ba 
Blessing Company, 242 East Or1 
Street, Chicago, Ill, are designed 
pecially for use with permanently 
stalled ICC cylinders and A. S. M. | 
A. P. I.-A. S. M. E. above-ground 
tainers. They are suitable for use v 
either flash or batch vaporization 

This series of RegO valves embod: 
one simple assembly all of the follow 
safety and utility features: shut-off va 
for outlet connection; excess flow 
valve for outlet connection; autor 
quick filler valve and back pressure 
valve; supplementary back pressure c! 
valve; safety relief valve; fuse plug 
liquid level gage and vent valve; varia 
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«eta Mat ASM Dis wha aha iach BY 






















inlet connection 
eduction outlet tube. Only 
n is required in the container 


container 












2581 Valves are also equip 


The RegO 
i with elbow outlet adapters and loose 
ups on the safety relief valve and at 





use plug discharge. 


) “ ANTI-SPATTER” 
i 


free from spatter, Thompson’s “‘Spatter 
Off” has been deve loped to allow its easy 

moval Spatter may fly and settk 
hickly about the weld, yet when “‘Spatter 


iobs where a weld is to be neat and 


Off” has first been applied, all the spatter 


may be readily brushed off. ‘‘Spatter 


Off” is furnished for jobs that are to be 
pickled, and also for 
pickling and the work is to be painted over 

, \ new descriptive folder on “‘Spatter-Off”’ 


where there is no 


1as been issued, and may be had by ad 
lressing the makers, Thompson & Com 
any, P. O. Box 6757, Pittsburgh, Pa 


INDUSTRIAL TYPE WELDERS POWER 
FACTOR CORRECTED 


models for production work on 


lanual or automatic welding are avail 


able in a new line of transformer type 
welders with built-in power factor corre« 
tion. They are designed to reduce cur 
rent consumption, which will help out the 
power supply under the Defense Program 
due to the fact they will only use two 
hirds as much current as standard types 
of arc welders 


Because of the decreased 
kva., smaller cable and 
fuses can be used, resulting in consider 
able saving in installation costs and also 
reducing demand charges by approxi 
mately one-third 

hese units answer a twofold purpose for 
when not in use as arc welders, they can be 
used to correct the power factor of present 
installations, which will also result in less 

ating of the present power circuit 


wire, switches, 


194] 





brazing temperatur 






controlled by On-Off foot swit 









A number of significant featur hav 


been incorporated in t new P&H 

cu. yd. all-welded dipper announced by 
the Harnischfeger Corporation of Mil 
waukee for the Model ¢ \ Hydrauli 
Excavator 


to N. E.M 4. stand 
B insula 
asbestos and fiberglass, and fea 


Built to conform 
ards, these welders employ Clas 
tion, i.e., 
ture two open circuit voltages—-80 and 


100. Thus, the 
choose the correct voltage for the work at 


operator is enabled to 


both maximum arc 
The 


higher voltage is an advantage when weld- 


hand, which affords 
flexibility and lowest power costs 
ing with alloy electrodes, giving a smoother 


more stable arc, and the lower voltage i 
sufficient on general work 

The amperages, shown by the indicator 
on the front of the 


justed without breaking the 


may be ad 


by 


cabinet, 
are simply 
turning the ball crank handle which give 


an infinite number of heat stages, making 
the units extremely simple to operat: 
They are built in 300, 400, 500 and 600 


ampere sizes by Miller Electric Mfg. Co., 
Inc., Appleton, Wi 





New All-Welded Dipper for P & H 
655-A Excavator 


ELECTRIC SILVER SOLDER 
BRAZING UNIT 


Besidk al y the w l 
\ new electric brazer for brazing and onstruction ere as 1dvantages of 
soldering with silver solder is announced » renewable manga lip wabl 
by the Ideal Commutator Dresser Co dipper teeth and provement 
1938 Park Avenue, Sycamore, Illinoi latching mecha By providing a 
This brazer operates on the same prin heavy shell. simplicity of reinforcement 
ciple as the popular Ideal ‘‘Thermo-Grip und an ¢ ‘ v I lock fra 
soft solde ring tool It consi ol a power with large | 1V , , ; we ill 
unit or transformer and a pair of electri trength at is . ’ i 
heating plier Holding the part to be Also important ji Ger ai sciiaaia 
brazed in the pliers close he secondary weld » feat w f : ’ 
circuit causing the part to quickly heat to dipper back of narent tal instead 
; +} 


0 1 insert ite tvi i 


Employment 
Service Bulletin 


SERVICES AVAILABLE 


a half years’ experience in high-pressur« 
1 





welding. Passed regular and armor-plat« 
Navy tests Will graduate in September 
from Newark College of Engineering where 
he is taking National Defense Cours 
Materials Testing and Inspection 
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KANSAS CITY 


The following officers for the fiscal year 
were elected by the Kansas City Section 
at a dinner meeting held on May 6th 

Chairman, L. R. St. John, Kansas Hi 
Way Dept.; Vice-Chairman, J. R. Streeter, 
Black, Sivalls & Bryson; Secretary, Carl 
Peterson, Welding Equipment Supply Co 
Treasurer, Vic McDonald, Fairfax Eng 
Corp 

Mr. C. W. Metzer of Haynes Stellite Co 
showed three reels of moving pictures on 
Hard Facing, which were followed by dis 
cussion. 


NORTHERN NEW JERSEY 


The second annual 


outing of the 


BIRMINGHAM 


Durham, J. U. (C), American Bureau of 
Shipping, 929-31 Stahlman Bldg., Nash 
ville, Tenn. 


CANAL ZONE 


Brown, Lionel W. (D), P. O. Box 831, 
Diablo Hgts., C. Z 


CHATTANOOGA 


Copenhaver, Clyde (C), Combustion Eng 
Co., 1032 Main St., Chattanooga, Tenn 


CHICAGO 


Schiebel, Roy O., Jr. (C), Magnaflux 
Corp., 5908 Northwest Highway, Chi 
cago, Ill 

Svanoe, William H. T.(B), Utilities Engrg 
Inst., 1314 Belden Ave., Chicago, III 


CINCINNATI 


Hock, Alvin, Jr. (D), Brighton Works, 
2159 Kindel Ave., Cincinnati, Ohio 

Kisner, Earl (D), E. W. Buschman Co., 
418 New St., Cincinnati, Ohio 


CLEVELAND 


Applegate, R. R. (C), Champion Rivet 
Co., E. 108th & Harvard Ave., Cleve 
land, Ohio 

Champion, T. P. (B), Champion Rivet 
Co., E. 108th & Harvard Ave., Cleve 
land, Ohio 

Collis, Walter (C), Champion Rivet Co., 
E. 108th & Harvard Ave., Cleveland, 
Ohio. 

Gaines, W. S. (B), 
Cleveland, Ohio 

Louis, C. (C), Champion Rivet Co., E 
108th & Harvard Ave., Cleveland, 
Ohio 

Silliman, W. A. (B), Cleveland Tractor 
Co., E. 193 St. & Euclid Ave., Cleve 
land, Ohio 

Washington, F. M. (C), Champion Rivet 
Co., E. 108th & Harvard Ave., Cleve 
land, Ohio. 


Porcelain Steels Co., 


DETROIT 


Hess, Edwin J. (C), 3862 Iroquois Ave., 
Detroit, Mich. 
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SECTION ACTIVITIES 


Northern New Jersey Section was held at 
Angele’s Grove, Allen Avenue off Bur 
nett Ave., Union, N. J., 
1941, starting at 11 A.M Luncheon, re 
freshments and sport events, including 
soft ball and soccer, were included in the 


on September 6, 


admission price of $2.00 


PITTSBURGH 

At a meeting of the Officers and Execu 
tive Committee of the Pittsburgh Section 
held Thursday evening, July 24th, in the 
Wm. Penn Hotel, the following committee 
members were selected and unanimously 
approved to serve during the 1941-42 


season 





List of New Members 


July 1 to July 31, 1941 


Kolkloesch, Harold (C), 2620 W. Michigan 
Ave., Ypsilanti, Mich 


GEORGIA 
Dillon, John F., Jr. (D), Le Tourneau Co 


of Ga., Toccoa, Ga 


LOS ANGELES 


Miller, Clay W. (C 
Welding, 1207 E 
Calif 

Mitchell, Sam (C), 1634 Federal Ave., 
Los Angeles, Calif 


, Signal Hill School of 
Hill St., Long Beach, 


NEW YORK 


Christensen, Hans A. (B), 3727—85th St., 
Jackson Hgts., N. Y 

Davis, Norman (C), The Linde Air Prod 
ucts Co., 30 E. 42nd St., New York, 
N.Y 

Weishoff, Samuel (B), 2715 Grand Con 
course, New York, N. Y 


NORTHERN NEW JERSEY 


Boylan, Joseph J. (D), 
Jersey City, N. J 

Christensen, Magnus (B), Babcock & 
Wilcox Co., Bayonne, N. J 

Damick, Joseph (D), 632 Roosevelt Ave., 
Carteret, N J. 

Gallagher, Patrick (D 
Bayonne, N. J 

Hagey, Eugene (D), 185 Ogden St 
Newark, N. J 

Jasmine, Joseph J. (D), 
Lodi, N. J 

Koch, Harry (D), 910 
City, N. J 

Sage, Albert M. (C), Steiner-Ives Co., 
14 Avenue L, Newark, N. J 

Van Dyk, Wilmer (D), 20 Clara St., R. R 
3, Paterson, N. J 


298 Bergen Ave., 


, o& Kelly Pkwy., 


209 Union St., 


16th St., Union 


NORTHWEST 


Behringer, Cecil R. (D), 5420 Aldrich 
Ave., So., Minneapolis, Minn 


OKLAHOMA CITY 


Bainum, Cliff (D), Oklahoma A. & M 
College, Stillwater, Okla 
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Membership and Reception: A. ] 
con, Chairman, R. C. Waldie. 
Thompson, R. B. Lincoln, R. W. F; 
Program and Entertainment a 
Wolfe, Chairman, C. H. Jennings. } H 
Dill " 
It was voted to continue meeting in 
beautiful Mellon Institute of Industria 
Research Building in Oakland, and th 
secretary was instructed to proceed y 
the reservation of the Auditorium for + 
following nights Wednesday—Octobe; 
15, November 19, January 21 
February 18 and March 18. Tt 
and place for the Annual Tri-Sta: 
Welding Conference is to be selected late; 
No meeting is scheduled for Dec: 








PHILADELPHIA 


Holder, Edward H. (D), 420 Timber Lak 
Rd., Upper Darby, Pa 

Irrgang, Harry J., Jr. (B), W. K. Mit 
& Co., 2940 Ellsworth St., Philadelphia 
Pa 

Metzler, D. E. (B), Philadelphia Ordnan 
Dist., Berwick Sub-Office, car f 
American Car & Fdy. Co., Berwick, Pa 

Sack, Raymond G. (D), Tuckahoe, N. J 

Smith, Benjamin J. (D), Stonel 
Lane, Philadelphia, Pa 


PITTSBURGH 


Kmet, John J. (C), 230 S. Central A\ 
Canonsburg, Pa 


SAN FRANCISCO 


Cavallero, J. T. (B), Oliver United Filter 
Inc., 2900 Glascock St., Oakland, Calif 

Croft, E. L. (D), Oliver United Filters 
Inc., 2900 Glascock St., Oakland, Calif 

Hieronymus, S. J. (B), 2838 Lyon St 
San Francisco, Calif 

Schoning, Wm. D. (B), American Bureau 
of Shipping, 1026 Matson Bldg., Sar 
Francisco, Calif 


SOUTH TEXAS 
Wade, Clyde E. (D), 6653 Avenu 
Houston, Texas 


WASHINGTON, D. C. 


Argabright, James A. (D), 
Ave., Newport News, Va 


2315 Chestnu 


YOUNGSTOWN 


Falls, Theodore F. (C), 
N.E., Warren, Ohio 


1185 High 


NOT IN SECTIONS 


Beutel, Herbert W. (C), Mosher Steel 
Box 2248, Dallas, Texas 
Hamilton, Harold (D), R. F 
way Dr., Ft. Wayne, Ind. 
Wright, Louis (D), Air Reduction 5a 
Co., 1256 Logan St., Louisville, Ky 


D. 6, Bert 
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